Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


?  •■■v.-v-  ••;:/;•: ^,;"- 

■t>^-^«k- '*'-*.. 

;.  •  .-■^-  :.'A^;  t. 

■   ■■•.•  ;»^(  ••■....■'■•■:...  ■■ 
■  •    \»'       ,      •  /■  • 

**^^^'?-.--. 

.«.--^l 

/' 


K 
r 


r 

1 

I 

i 

A 


I 


^  / 


ANNALS    OF    BOTANY 


VOL.  XI 


PRINTED  AT  THE  CLARENDON   PRESS 

BY  HOUACS  MATT,  MJU 
PRINTKR  TO  THR   UNIVKKSITY 


Annals  of  Botany 


KDITEI)   BY 


ISAAC    BAYLEY    BALFOUR,    M.A.,    M.D..    F.R.S. 

gttSM'ft  aoTAMirr  in  scrm.ANO.  rionE&M>i  or  iotany  in  thk  UNivEiftiTY 

AND  KBirSB  or   THE   MOTAL  »UTANIC  CAMUCN,   KDINBUICM 

SYDNEY  HOWARD  VINES,  M.A..  D.Sc..  F.R.S. 

nUiOW  09  MACDALKN  COLIJCGK.   AND  ftHEMAtDIAN   PBOTISSOR  Or  BOTA^^T 

iM  TKB  VNiYEKimr  OP  oxrotD 


D.  H.  SCOTT.  M.A.,  Ph.D.,  F.RS. 

Y  RlSm  OP  THB  JODtUX  LAKMATOtY.   lOYAL  CAIDCNI,   KftW 

AND 

WILLIAM  GILSON   FARLOW,  M.D. 

09  CST9TOCAWK'   BOTANY   IN    HAIVARH  UNIYEBilTY.   CAMBIHIGB,    MAfct..    V. 


ASSiSTEP  BY  OTHER  Bi^TASiSTS 


VOLUME  XI 


£ondon 

MI.NRY    FRoWDK.    MA.   AMIN    (  OkNKR     I   *. 


h.     - 


^jEUiHDBi snmmm. 

ERRATUM. 
Page  176,  foaith  line  from  bottom :  for '  Lygodetmus '  read  '  Zfgocksmus.' 


CONTENTS. 


■«•- 


Ho.  XLI,  March,  1S97. 

fACS 

llKA?iNO!«,  M.   A.^Tbe  StnKtnre  and  Devdopmc&t  of  Grinnellia 

amerkanA,  Harv.     ,With  PUtn  I-IV) I 

kicuARDs,  H.  M.— T1»e  EvolBtioo  of  Heat  by  Wounded  PUnU    (With 

Woodcsu  I  aad  a) 99 

S&WAtD,  A.  C— A  Coothbvtioo  to  ow  Knowledge  of  Ljgioodcfidfoii. 

(With  PUiet  V  and  VI) 65 

Macm  ft,  P.-On  tone  Specks  of  the  G€o»Uroph)]rctu.  (With  PUtes 

VII  and  Vlll) 87 

C  H«»DAT,  R.— Ob  the  Poljnuvphim  of  the  Green  Algae  and  the 

Pnndpica  of  thctr  Emlatioo 97 

HAE%'tY  CiBai>»,  R.  J. — CootnbvtioBa  towaidi  a  Knowledge  of  the 

AaatooiyoftheGcMttSelaginelU:  Paitin.TheLeal   (With 

PUuIX lajj 

sorts. 

I  jikcn  W*.  II. — l^relimiaary  Statcineat  00  the  Development  of  Sporangia 

ttpoo  Kern  Prothalli 157 

N    <ii.  I».  H-  <>n  C  betr«>arutHift,  a  New  T\\k  of  Ko»tiI  Cooc  from 

the  C  autfrfuttt  Samiicucicft     ....  ...        l6^ 

I  HJ>TEnu^•I>\  ifc.  NV.  T. — NtHc  oi»  ihc  I)i*cuvcr)  of  M>corhtia  175 

No.  XLII,  June,  1897. 

<   :  It  iofti>.  j    li  •    NciCr«  on  fti^mc  rh>»ii*lot;i<:aI  rro{<(ttr%  «>(  a  M>i«^' 

m^cru-  rUuniMJium.       \\  ilh  Womlcutk  3,  4.  5  1 7v 

*«^ft  -AM.  I-     Thr  Format uio  of  thr.V&QAl  Nuclei  tn  I.ihuui  MArta^«>f) 

II.  .S|<^rm«lti|^itc%4».        \\  ilh  l'latr»  X  aiiil  \I)       .  1H7 

Ml    .11.  <.       A    M<»n«njraj.h  «>f  ihc  l«ci»j;K»»>c*c         With  rUu%  XIl 

a:*'.  XIII Jif 

(.MiNNf  \*'t,u\N.    I>.   T      iHi    I'oUmcU    tn    llic    t  "aau    rriniuU 

\\»'h  I'Uu  XIV  .  jo; 

*»«'»ll.    I»     II        <  »;.    lniM    I  c«     inttAiur*    t»(    S|>ii)iiu%     K<»«'t%  With 

I  :«ir»  x\  Aft.i  x\  I  ,m: 

I.:.*    \^     <»    I    —  ^  utii^i  for  (  lA**- 1  knu>t.k!{a!i  >:>  ,\,\J 

K.rii^.  k    II       Ihc  >  utivtiooft  ol  l^lc%  ^34 

a  .1 


VI  Contefits. 

MGK 

Ward,  H.  M. 

On  Peziza  Aurantia 539 

On  the  Ginger-Beer  Plant 341 

Ikeno,  S.  and  Hirase,  S. — Spermatozoids  in  Gymnosperms       .  344 

No.  XLm,  September,  1897. 

Phillips,  R.  W.— On  the  Development  of  the  Cystocarp  in  Rhody- 

menialet.  (With  PUtcs  XVII  and  XVIII)  ....  347 
Holm,  T. — Obolaria  virginica,  L. :  A  Morphological  and  Anatomical 

Study.    (With  Plate  XIX  and  Woodcut  6)    .  -3^ 

Groom,  P. — On  the  Leaves  of  Lathraea  Sqoamaria  and  of  some  allied 

Scrophnlariaceae.    (With  Woodcut  7) 385 

Scott,  D.  H. — The  Anatomical  Characters  presented  by  the  Peduncle 

of  Cycadaceae.  (With  Plates  XX  and  XXI)  •  •  •  599 
Lang,  W.  H. — Studies  in  the  Development  and  Morphology  of  Cyca- 

dean  Sporangia :  I,  The  Microsporangia  of  Stangeria  paradoxa. 

(With  Plate  XXII) 421 

EWART,  A.  J. — The  Effects  of  Tropical  Insolation      ....      439 

NOTES. 

Jeffrey,  E.  C. — ^The  Gametophyte  of  Botrychium  virginiannm  .  .481 
EWART,  A.  J. — Bacteria  with  Aasimilatory  Pigment   found  in  the 

Tropics 486 

Bower,   F.   O.— Studies  in   the   Morphology    of   Spore*producing 

Members :  Part  III,  Marattiaceae 488 

No.  XLIV,  December,  1897. 

Arthur,  J.  C. — ^The  Movement  of  Protoplasm  in  Coenocytic  Hyphae. 

(With  Woodcuts  8,  9,  10, 11) 491 

Townsend,  C.  O. — The  Correlation  of  Growth  under  the  Influence  of 

Injuries 509 

Farmer,  J.  R— On  the  Structure  of  a  Hybrid  Fern.     (With  Plates 

XXIII  and  XXIV) 533 

Williams,  J.  L. — The  Antherozoids  of  Dictyola  and  Taonia.    (With 

Plate  XXV) 545 

Green,  J.  R. — The  supposed  Alcoholic  Enzyme  in  Yeast  .  -555 

Vines,  S.  H.— The  Proteolytic  Enzyme  of  Nepenthes  5^3 

NOTES. 

EwART,  A.  J.— The  Effects  of  Tropical  Insolation  ....  5^5 
Dixon,  H.  H. 

The  Tensile  Strength  of  Cell-walls 5^5 

The  Structure  of  Codinm.     (With  Woodcut  12)   ....  588 
Scott,  D.  H.~On  Spenceritesy  a  new  Genus  of  Lycopodiaoeous  Cones 

from  the  Coal-measures 59^ 

CONTENTS  AND  INDEX i-viii 

Thiselton-Dyer,  W.  T.— Biographical  Sketch  of  M.  J.  Berkeley. 

.With  Portrait) ix 


INDEX. 


-••- 


okU;iNAL  PAPERS  AND  NOTES. 

\Krtii'B,  I.  C. — Tbe  Movement  of  ProtopUfm  in  Coenoqrtic  Iljrpbie. 

V  With  Woodcut t  K,  9,  ID,  II) 491 

Hirri^.  K.  II.— Tbe  huoctiontof  Ljitex 334 

>h»wtft,  F.  O.-  Sco«)ics  in  the  Moq>hoIogy  of  Spore-prodadng  Mem- 

ben:  Part  III.  Mamttinoeme 488 

Hk4H^ok,  M.   A.—Tbe  Stnictore  and   rVrelopmcnt   of  Grinnellia 

amenouM,  Harr.      With  Plates  MV;  ....  1 

<'ifloi»%T,   K.— C>D  the  Polymorphism  of  the  Grtcn  Algae  and  the 

l*riiictple*  uf  their  Evoliitioo 97 

('tirri>Ki*.  J.  H. — Nocet  00  tome  Phvtiolofpcal  Properties  of  a  Myxo- 

mvccfe  Plasmodinm.     (With  Woodcnu  3.  4,  5)     .  1*9 

iMV.w.  H   H. 

The  Ten%ile  Strrogth  of  Cell-walU (S5 

The  Scrvctare  of  Codiam.  (With  Woodcut  t  a)  .  ...  588 
14.1  ti.  W.  G.  P.  -Eongi  for  Class- llcmaotfratiao  ....  333 
KWAKT.  .\.  j. 

Hacieru  with  AiUmilatory  Figments  foond  in  the  Tropics  486 

7  hr  I  ffectt  of  Trt>picsl  IntnUtioo 439 

The  l-Jltvtt  of  Trupcsl  IntoUttoo 5H5 

h  «feMrs.  J.  K— <)a  the  .ScrtKture  of  a  llyhrid  Fern.     ^.With  Plates 

Will  aiKl  X\IV  .'  .         .         .         .       533 

I.I)  IN    T    K    -  I  hr  *Qi  tx»«o!  Al.ikholic  hjifMnc  in  Vra»(  .  m 

••i  ->w    r   -  <  >n  the  I^ea^e*  oi  I  Jithr&ca  Sjuainarta  ami  of  Mime  allied 

>«  r"{  huUrtaveae.       With  \\<HMicut  7-.  3S5 

' ,  jk\\\t'\  K-  ^.iiA^.    1»    T.-i>ri    PoU«CrU    in    ihr    <  *enu«    rrimola 

N\i!t.  PUte  XI\  .  Hc; 

M\ivi\  <*ia^»N,K     T     -< 'oritri)>uti(in%  t<rwar<l»  a   Knf>wlnl^  t»f  the 
Aiiar«m^    ««l    the    <tfnut    s*  U^mrlia       Part    III,   The    Ixt^I. 
With  i;a?c  I\  I  j^ 

H      M     I       <  »■-  una  \!rj;mva    I.      A  M<»rj.h..lo^ii  al  ».».!  .\nati>inual 

**»u*i         Wjth  l'!a!r  XIX  an*!  \N.--l.ul6  ^m^ 

Iik.iN      '^  ajr. '.  Hi*  4"*r.  S,  —  sj<rTn«f<»/r»i-!»  m  <  •>ninrT%|irrmt  ,^44 

*i»i»i*     I     <  I  :»r  <*anK-tt<)>h^tr  «•!  |li»Tr^i  hium  >ir^M'.unuin    .  4^1 

1   %N  .     SN     H 

I  'r    ■'  \  .tt\  ^talrmm?  .<i  iSc  1  >r>rK»|  mm!  «•(  >j»»fan|jia  uj^ki  1  ctn 

I  r.^J.a.;  157 

X9  '..r\  It.  xit€  I  •r*ei")nirnl  ai.  !  M«»r|>  't!.»^;>  «»l  ('>\.*iican  >j-»ran^;ja 
I.   Dkt  M)v.riM|««ran|;ia  *4  >yAn|*«  ru  laradoaa.       With  Plate 
XXII  ....        4^1 

Mi'.N    *  r.      <  VTi  ^.fne  ""^pTvir*  if  tKr  I  K-nut  IVojihUvti*.      W»thl'l.itc« 

VII  an.!  \  III  .......  •'7 


viii  Index. 

rAcc 
Massbk,  G.->A  Monograph  of  the  Geoglosseae.    (With  Plates  XII 

and  XIII) aas 

Phillips,  R.  W.— -On  the  Development  of  the  Cystocarp  in  Rhody- 

meniales.     (^'ith  Plates  XVII  and  XVIII)   ....      347 
Richards,  H.  M.— The  Evolution  of  Heat  by  Wounded  Plants.  (With 

Woodcnts  I  and  a) 39 

Sargant,  £. — The  Formation  of  the  Sexual  Nuclei  in  Lilimm  Martagon : 

II,  Spermatogenesis.    (With  Plates  X  and  XI)      ...      187 
Scott,  D.  H. 

On  Cheirostrobns,  a  New  Type  of  Fossil  Cone  from  the  Calciferous 

Sandstones 168 

On  two  new  instances  of  Spinous  Roots.     (With  Plates  XV 

and  XVI) 3^7 

The  Anatomical  Characters  presented  by  the  Peduncle  of  Cyca- 

daceae.     (With  PUtes  XX  and  XXI) 399 

On  Spencerites,  a  new  Genus  of  Lycopodiaceous  Cones  from  the 

Coal-measures 590 

Seward,  A.  C. — A  Contribution  to  our  Knowledge  of  Lyginodendron. 

(With  PUtes  V  and  VI)        . 65 

Thisblton-Dybr,  W.  T.— Note  on  the  Discovery  of  Mycorhiza        .      175 
Biographical  Sketch  of  M.  J.  Berkeley.    (With  Portrait)      .        .         ix 
TowNSEND,  C.  O. — The  Correlation  of  Growth  under  the  Influence  of 

Injuries 509 

Vines,  S.  H.— The  Proteolytic  Enzyme  of  Nepenthes ....      563 
Ward,  H.  M. 

On  Peziza  Aurantia ,     .  339 

On  the  Ginger-Beer  Plant 341 

Williams,  J.  L. — The  Antherozoids  of  Dictyota  and  Taonia.    (W*ith 

PUteXXV) 545 


B.  LIST  OF  ILLUSTRATIONS. 

a.  Plates. 

Portrait  of  M.  J.  Berkeley  (Frontispiece). 

I,  II,  III,  IV.  Structure  and  Development  of  Grinnellia  americana  (Brannon). 

V,  VI.  Lyginodendron  (Seward). 

VII,  VIIL  UrophlyctU  (Magnus). 

IX.  The  Leaf  of  Selaginella  (Harvey  Gibson). 

X,  XI.  Spermatogenesis  of  Lilium  Martagon  (Sargant). 

XII,  Xlll.  Monograph  of  the  Geoelosseae  (Massee). 

XIV.  Polystely  in  the  Genus  Primula  (Gwynne-Vaughan). 

XV.  XVI.  Spinous  Roots  TScott). 

XVII,  XVIII.  Development  ot  Cystocarp  in  Rhodymeniales  (Phillips). 

XIX.  Obolana  virginica  .  Holm). 

XX.  XXI.  Peduncle  of  Cycadaccae  (Scott). 

XXII.  Microsporangia  of  Stangeria  paradoxa  (Lang). 

XXIII,  XXIV.  Structure  of  Hybrid  Fern  (Farmer). 

XXV.  Antherozoids  of  I)ict}'ota  and  Taonia  (Williams^. 

b.  Woodcuts. 

I,  a.  Evolution  of  Heat  by  Wounded  Plants  (Richards). 

3>  4»  5*  Physiological  Properties  of  a  Myxomycete  Plasmodium  (Clifford). 

6.  Obolana  virginica  (Holm). 

7.  Leaves  of  Lathraea  S^uamaria  and  other  Scrophulariaoeac  (GrooM;. 
8.  9.  10, 1 1.  Movement  of  Protoplasm  in  Coenocytic  Hyphae  (Arthur). 

1 2.    Structure  of  Codium  (  Dixon). 


MILES  JOSEPH  BERKELEY. 

Born  1K03.     Died  1889, 

(WitA  Portrait). 

The  task  is  never  an  easy  one  for  those  of  one  generation 
in  sdeoce  to  express  in  a  few  words  the  precise  nature  of  the 
debt  which  they  owe  to  their  predecessors.  The  effect  of 
personal  influence  is  always  somewhat  intangible  and  neces- 
^rily  fades  u-ith  time.  The  final  verdict  of  the  scientific 
historian  cannot  be  reached  except  in  a  more  remote  per- 
spective. Perhaps  in  detail  it  never  can  be  reached  satis- 
factorily at  all,  owing  to  the  difficulty  of  interpreting  rightly 
the  ideas  of  one  peritxl  in  terms  of  those  of  another. 

In  the  C3LSC  of  Berkeley  the  task  seems  tolerably  clear.  In 
the  first  place  he  was  the  virtual  founder  of  British  Mycology. 
ni<  Li^x>urs  \r\  this  firld  hcj^Mn  in  i^.^^,  when  he  undertook 
i'>r  ^ir  William  M«K>krr  the  dcscri|)ti«»n  of  the  British  sj>ecies 
If  that  author's  British  Flora.  He  Ixcame  from  this  time 
th*"  Ir.niin^'  authority  in  .Mycology,  at  least  as  far  iis  the 
Briti'^h  lunpirc  was  concerned.  He  is  believed  to  have 
jiuh!:shc«!  in  a'l  descriptions  of  some  <>.coo  sjK'cies.  and  this 
cr.-  rinous  la)>our  hr  ac<  omplishrtl  with  a  skill  and  precision 
vkhi-  h  Ir.iv* -^  litt.r  r«M»fn  for  iloulit  as  to  its  durability. 

Ten  yrars  l.itrr  his  h»n^;  study  of  .Mycolo^j\*  led  him  by 
a  transit-  »n  —  ic^-  t>b\ious  then,  but  uhich  seem.H  natural  to  us 
riim  :.i  the  ^tudy  of  the  patho|t>j^y  of  plants.  IK-  w.w  the 
firit   jicrhapN.  to  treat  the  subject  in  a  systematic  manner,  and 
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though  the  long  series  of  papers  which  he  devoted  to  it 
remain  buried  in  the  periodicals  in  which  they  appeared,  they 
did  their  work  in  establishing  once  for  all  its  treatment  on 
a  scientific  basis.  His  memoir  on  the  Potato-Murrain, 
published  in  1846,  would  even  half  a  century  later  be  thought 
a  model  for  similar  researches,  and  has  not  been  added  to  in 
any  material  particular. 

Another  decade,  and  in  1857  he  published  his  Introduction 
to  Cryptogamic  Botany,  a  memorable  book  which  may  still 
be  consulted  with  advantage  and  always  with  pleasure.  At 
the  time  and  for  long  after  it  played  somewhat  the  part  filled 
in  later  years  by  Sachs'  Lehrbuch.  It  was  the  first  com- 
prehensive treatise  of  the  kind  in  any  language.  While 
summing  up  the  striking  results  of  foreign  research,  it  was 
no  mere  compilation  but  everywhere  drew  materials  from 
personal  observation.  The  facts  it  contains  still  reveal  them- 
selves from  time  to  time  with  unexpected  freshness.  One  of 
the  most  striking  instances  is  the  account  of  the  curious 
organism  Emericella,  in  which  Berkeley  came  very  near  to  an 
anticipation  of  Schwendener's  hypothesis  of  the  nature  of 
Lichens.  The  great  merit  of  all  his  work  is  the  true  biological 
spirit  with  which  it  was  pervaded.  Perhaps  Mycology  in  this 
respect  has  the  advantage  over  other  branches  of  taxonomy 
in  that,  for  the  most  part,  it  requires  its  material  to  be  dealt 
with  in  the  living  state. 

The  facts  of  personal  history  required  to  complete  this 
brief  appreciation  are  few.  A  man  of  good  family,  he  was 
educated  at  Rugby  and  at  Christ's  College,  Cambridge.  As 
was  the  case  with  Darwin,  he  derived  his  scientific  impulse  in 
great  measure  from  Henslow.  The  first  objects  of  his  study 
were  MoUusca.  and  he  always  preserved  the  spirit  of  the 
naturalist.     He  became  a  clerk  in  holy  orders  in  1827,  but 
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never  enjoyed  any  considerable  preferment.     Though  his  life 

was  one  of  indefatigable  labour,  he  was  at  no  time  rewarded 

by  more  than  a  moderate  competence.     His  appearance  till 

within  a  few  years  of  his  death,  when  overtaken  by  infirmity, 

was  one  of  splendid  distinction.     To  this  the  portrait  now 

given  scarcely  does  justice :  but  it  is  unfortunately  the  only 

one  which  is  available. 

W.  T.  THISELTON-DYER. 
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With  PUtcs  I-IV. 


^I'^HK  investigations  on  the  reproduction  and  de\'cIopment 
1  ('f  Grinnellia  americana  were  undertaken  for  the  reasons 
that  iirinmUia  is  distinctively  an  American  S|)ccie8  and  that 
little  was  known  of  the  structure  and  development  of  the 
cystKarp  The  ur»rk  was  taken  up  at  the  .suggestion  of 
In  Wslit.irr.  A.  Setchrll.  lJircitf»r  of  the  U>tanical  department 
*■'  \\\c  M.ir.r.c  Hi'li-^ic.il  L.iS'»r.itory  al  WimhIs  Hole.  Mass, 
ani!  -A  IX  hr  w;\\\  tt>  i:n  pri  Ndit  st.»^t'  in  llu*  simmer  of  iSiy^. 
I*'.r    I'r.    S(ti!iill'«»    c'»nti!  no  •»    iutirt.st    .in<l    vjtv    valu.iMc 

0 

4*1  tifu'r  \\\  \\\v  pT.^rcutin  of  the  u«»ik  I  am  iiinitr  ^Icfp 
I  ti.:^.i!:  p..  ll:r«.UL;!i  tlir  kiiuin*''**^  of  ihr  TiUNtcts  and  i>f 
I)r  W  .iij.im  'Irclt.i^**.  I*ir<ct<»r  of  the  Mi>»«Miri  H'»t.inii.il 
^.-irii'T.'  I  •K«ii;»:'-«!  tlw  r  "m  Mib  viiliril  f..r  l>y  tlurn  ilurini^ 
\\t  H  :::iui^  \  w.i-.  ii'-.i/ftl  v\  the  ^tii  !v  ^^i  ( it nn.tlliii  .  liT 
t?.:    :  r:v!«  .••    |  .r!i  .lii*     rr.illv  ir.«Iil»ti'l 

'*f  ;•'../.;. I  .nt ,  f  :,.t't  I,  .js  ^t.itci!  .il»o\e.  is  »!i-»t'iu  i:\  i!v  an 
Af::«f  ar.  A'.^.m  rr. m  *-»  t.»r  .i.h  learn*'!.  ha\iiu;  !M«rj  rt;»<'rted 
fr«  ii:  i  til' r  A.iti  fN  tl  an  th«>?e  »*(  llic  wtxt  Atlantic  ttt,i>l.  It 
far.,  r^   ir-im   thf   in -uth   of  the  \Vi\  mouth    Kivir,   Mavn  .  t«» 

AMAto  •r  ••toay   V^.l  XI.  »u.  ZLI.  Marcli.  itgj.. 

1. 


2       Brannon. —  The  Structure  and  Development  of 

Norfolk,  New  Jersey,  and  appears  abundantly  in  Long 
Island  and  Vineyard  Sounds.  The  writer  has  also  collected 
fine  specimens  at  Nantucket.  Possessed  of  brilliant  lake-red 
colour  and  delicate  texture,  it  constitutes  a  notable  specimen 
in  every  representative  collection  of  the  New  England 
marine  flora. 

History. 

The  elder  Agardh  placed  this  Alga  in  the  genus  Delesseria^ 
which  *  then  comprehended  almost  every  Alga  with  a  red 
membranaceous  leaf-like  frond,  and  also  included  within  its 
limits  Plocamium  and  Stenogramme'  It  was  referred  later 
to  Nitophyllum,  but  was  found  to  differ  radically  in  the  form 
of  conceptacle,  shape  of  frond,  and  position  of  midrib.  For 
a  time  it  seemed  that  it  was  to  have  fellowship  with  Hemineura^ 
but  the  different  position  of  conceptacle,  lack  of  similarity  in 
nervation  and  ramification,  gave  sufficient  distinction  to  deny 
admission  to  this  genus. 

After  a  somewhat  careful  study  of  the  plant.  Dr.  Harvey 
raised  it  to  the  rank  of  an  independent  genus.  He  named  it 
Grinnellia^  as  a  memorial  to  the  *  noble  conduct  of  Henry 
Grinnell  of  New  York,  chief  promoter  of  the  search  after  the 
missing  Arctic  expedition  of  Sir  John  Franklin.* 

General  Morphology. 

In  his  description  of  Grinnellia,  Harvey  says  that  this  Alga 
has  a  frond  which  is  *  rosy-red,  leaf-like,  delicately  membra- 
naceous, arcolated,  symmetrical,  traversed  by  a  slender  per- 
current  midrib.  Conceptacles  scattered  over  the  surface  of 
the  membrane,  bottle-shaped,  with  a  prominent  orifice ; 
placenta  basal,  somewhat  prominent,  crowned  with  a  pul- 
vinate  tuft  of  subdichotomous  spore-threads  whose  terminal 
cells  are  earliest  ripened.  Spores  elliptic  oblong  or  roundish. 
Tetraspores  tripartite,  immersed  in  scattered  shapeless  cellular 
warts.' 

In  addition  to  these  statements  regarding  the  gross  anatomy 
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of  Crinnellia^  it  should  be  said  that  in  well -developed  plants 
lateral  veins  arise  from  the  basal  region  of  the  percurrent 
midrib.  In  frayed  fronds  these  lateral  veins  occasionally 
develop  into  strong  branches,  simulating  the  action  sometimes 
occurring  at  the  tip  of  the  frond  after  an  injury  to  the  apex  ; 
viz.  bifurcation  of  the  midrib  in  its  subsequent  growth.  Often 
these  proliferations  are  the  only  vestiges  of  the  frayed  frond  ; 
and  y\\\xs  is  demonstrated  the  fact  that  clusters  of  young 
plants  can  arise  vegctativcly  by  com|>ounding  the  remnants 
of  the  old  one.  In  this  resjxrct  Grinfullia  resembles  closely 
the  associated  genus  DeUsserta, 

The  leaf-like  fr<»nd  is  supj>orted  by  a  short  sc^meuhat 
cylindricil  >talk  which  terminates  in  a  dense,  disk-shaped 
hoKifast.  /\s  Mr  M.  C.  Potter  suggests  in  his  study  of  the 
thallus  f»f  PfUsstrta,  this  diflferenliation  of  parts  in  the  frond 
i»f  (IrtnHflliii  gives  the  single  plant  a  resemblance  in  structure 
and  functions  to  a  dicotyledimous  leaf.  The  foliar  expansion 
aer\es  as  an  organ  of  asMmilation  ;  the  midrib,  veins,  and 
stalk  furnish  channels  for  C(»nducting  fcxxl- material  and 
rc^crvoin  for  its  storage.  This  last  function  is  evidenced 
by  the  initial  growth  of  numerous  proliferations  from  the 
muinb  and  stalk  of  fraved  fronds. 

lt*«th  a^'CNual  and  vrxual  rrpnKiucti«>n  prevail  in  GrintieUia 
ijf»:  t :.  t9:.t  .  .if'.<l.  uii!:kt*  in.inv  « 'f  the  M'riiU.io.  inonoccisrn  is 
nr.rf  |)rc>rnt.  I  hr  1\N'»  iiicIIi'mU  «.f  n  |)rt>.li:v  tion  an<l  the 
'!  ••  :<nti.i!!-n  «»r  thr  -rxt^  '^;i^c  ^.trtairi  pcv  ui.ir  *  haiactcr- 
i-t  V  •«  !o  tilt-  vt  «^'<  tat-,  c  slriutnrr  •»!  the  dtttcrcTit  troivN. 

\\.i\r  I'ltnt-*  arr  li^ually  mii*  h  Miial'tr.  ltN>  ahniulaiit,  and 
hi-.«  iv.'W  ilcluatr  tr«»fi«l>  than  «  :tfMr  t»  inalf  «»r  a^tXiial 
if.'ii .  i!ii.i*N  \ht'  !.ir/' st  <lnii' n>-'«»iiN  f.f  th«sf  i«>;lrvt<*«l  at 
XV'"-*!"  \\i>\v  Affo  "  <  m.  \\u\r  A'.'.  \  I',  I  in.  ■•>:-»^  1  lu*  ti««iu!N 
h.i\i  a  •»rn'"!li  ^ur!  i»  <•  ami.  tl  Hii><-f  tu  iallv  c  \aint!ir<i.  u« 'iiM 
\wr  1  'in^.*!'  fc*«l  Nt'n'.r  .  hut  a  vart  f..l  m^jx-i  li«'n  ri  vcaN  mjiin  t«»\is 
1  *  ?•  r  •  i»!>  iro!  ••  I!"!!--  "% .  i;:»\  :»/  trin  !  x>  •  t  •  innu  t  inrs 
t.^»«-  -ift  .4  ..?  thr  TV  rin.il  «  »  lis  >ii'tJ«»fiN  thi»»ii^;li  tiit-c  in  as 
\h'  A     th»»Ti    t  .    }m-     pitihrn     1. 1     .inthrri.lt  I     protliKm^j     \M'.\r 
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The  female  plants  average  larger  than  the  tetrasporic.  Their 
cystocarps  are  arranged  promiscuously  on  either  side  of  the 
frond,  while  occasional  sections  through  cystocarps  growing 
base  to  base  were  obtained.  The  cystocarps  are  cone-shaped, 
with  carpostomes  in  the  crown  of  each  affording  a  place 
through  which  the  mature  carpospores  may  escape.  Within 
the  fully-developed  conceptacle,  dichotomous  chains  of  lake- 
red,  sh'ghtly  elh'ptical  carpospores  are  readily  seen  by  focussing 
through  the  pericarp;  but  the  carpospores  are  so  numerous, 
so  densely  massed  together,  and  of  such  deep  colour  in  the 
mature  cystocarps,  that  one  can  determine  very  little  of 
the  true  structure  of  this  organ  by  means  of  optical  sections. 
As  in  the  non-sexual  plants,  the  fruiting-bodies  in  the  male 
and  female  frond  are  less  mature  near  the  margin  and  apex. 

On  certain  cystocarpic  plants  numerous  proliferations  are 
developed  on  both  sides  of  the  frond.  These  plants  are 
apparently  healthy  and  normal  in  all  other  respects.  The 
proliferations  may  become  greatly  developed  and  give  the 
plant  an  unusual  appearance,  very  similar  to  that  of  leaves 
bearing  many  small  galls.  These  outgrowths  are  composed 
usually  of  from  two  to  three  axial  rows  of  cells  corresponding 
to  those  of  the  frond,  except  that  their  contents  are  clear  and 
granular.  These  cells  arc  surrounded  by  one  or  two  layers 
of  smaller  cells,  having  the  characteristic  lake-red  colour  of 
the  frond  (Fig.  14).  An  unusually  fine  opportunity  for  the 
study  of  the  origin  and  development  of  the  cystocarp  is 
offered  by  these  proliferations  (Figs.  3,  14,  17).  They  were 
critically  examined  in  whole  and  sectioned  preparations,  in 
stages  from  the  earliest  formation  of  the  procarp  to  the 
mature  cystocarp.  The  cystocarps  thus  developed  often 
appeared  pedicellate  on  account  of  the  length  of  the  prolifera- 
tion, in  the  outer  end  of  which  they  were  borne  (Fig.  3).  No 
tetrasporic  or  antheridial  plants  were  found  bearing  these 
proliferations. 

The  asexual  plants  outnumbered  the  female  even  during 
July  and  August,  the  period  when  the  latter  reached  their 
maximum  number  at  Woods  Hole.     In  shape,  colour,  and 
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texture  of  frond  the  mature  tetrasporic  plants  are  very  similar 
to  the  cystocarpic,  but  the  decided  contrast  between  the  rough, 
shapeless,  tetrasporic  incrassations  and  the  smooth  conical 
cystocarps,  easily  enables  one  to  distinguish  them  unaided  by 
the  microscope.  Each  incrassation  contains  from  four  to  forty 
tripartite  tetraspores,  which  closely  resemble  the  carpospores. 

Habitat. 

GrimuUia  has  been  described  by  Dr.  Harvey  as  an  Alga 
growing  *  on  stones  and  shells  in  four  or  five  fathoms  of  water.' 
In  the  collections  of  Grinntllia  made  at  Woods  Hole  and 
Nantucket  it  was  found  growing  abundantly  on  the  piles  of 
wharves,  at  a  depth  of  one  to  one  and  a  half  fathoms  below 
high  tide-mark.  After  severe  storms  it  frequently  drifts  ashore 
in  company  with  many  other  Algae  which  are  torn  from  the 
slightly  submerged  rocks  and  shells. 

Along  the  Ntassachusetts  coast  it  thrives  best  in  quiet  waters, 
though  fine  specimens  are  seen  on  rocks  and  shells  submerged 
one  to  two  fathoms  in  the  '  holes  *  connecting  adjoining  bays 
and  indentations,  through  which  the  tidal  currents  run  at 
a  speed  of  ei^ht  to  ten  miles  an  hour.  Mr.  Isaac  Holdcn 
has  kindly  allowed  me  to  quote  from  his  observations  of  this 
Al^a  made  at  Hrid^cjM)rt,  Conn.,  where  it  attains  very  con- 
siderable dimension**,  his  lar^»esl  mounted  .specimens  givin^j 
the  p'>al  mcasurement.N  of  i'^  cm.  wide  by  6',  cm.  lon^.  He 
»ays  he  ha*  found  it  j^rouin^  in  strong;  tide-currents,  but  that 
it  ac(|uirc»  its  moj»t  luxuriant  ^^routli  in  (juiet  waters,  thus 
C(>rrobofating  the  observations  made  alonj;  the  .Massachusetts 
ccMLst.  He  has  collected  it  fiom  just  Ixlttw  luw  uater-maik 
to  thr  depth  of  s\x  fathoms,  and  has  secured  many  fine 
»|K:Ltnuns  lri>m  the  l>>ttom,  when  watlin^  at  low  tide,  brin^- 
m^j  witJi  them  the  stones  or  .shells,  particularly  (»yster-shells, 
to  whuh  they  were  attached.  Marly  in  Au^;u>t  adult  plants 
arc  very  apt  to  become  detached  ami  float  in  lar^c  numlxrs. 
Fff»m  thi$  last  observation  it  apjKars  that  the  mature  plants 
afford  their  sporetk  a  rapid  and  wholesale  mctho<i  of  distribution. 
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General  Histology. 

The  entire  surface  of  the  plant  is  covered  with  a  thick 
gelatinous  secretion,  which  causes  it  to  adhere  firmly  to  paper 
when  mounted. 

The  vegetative  cells,  forming  a  single  layer  in  the  foliar 
expansion  of  the  frond,  are  polygonal  in  shape,  have  thick 
cell-walls,  protoplasm  peripherally  arranged  containing  gra- 
nular material,  a  large  nucleus,  and  a  great  number  of  red 
chromatophores  (Fig.  i/).  These  chromatophores  are  also 
found  in  the  superficial  cells  of  the  midrib,  the  stalk  and  the 
upper  surface  of  the  holdfast.  The  cells  in  the  apical  and 
marginal  (merismatic)  portions  of  the  frond  are  smaller,  have 
more  delicate  cell-walls,  and  are  far  more  active  than  those  in 
the  middle  and  basal  regions  of  the  frond. 

The  midrib  is  three  to  five  layers  of  cells  in  thickness.  The 
central  cells  are  very  large,  elongated,  and  angular.  The  super- 
ficial cells  are  much  smaller  and  more  circular  than  those  in 
the  centre.  All  of  them  have  a  thick  cell-wall  and  a  thin 
peripheral  layer  of  protoplasm  containing  a  large  amount  of 
granular  material  (Fig.  i  /;/). 

Transverse  sections  of  the  dense  disk-shaped  holdfast  show 
that  it  is  composed  of  a  central  region  of  large  oval  and  oblong 
ceils  surrounded  by  layers  of  cells  which  gradually  diminish 
in  size  and  increase  in  numbers  toward  the  surface  of  the 
organ,  where  they  are  quite  uniformly  roundish  and  form 
a  strong  cortical  region  (Fig.  2).  Surrounding  the  entire 
holdfast  is  a  very  thick  yellowish  coat  of  cellulose,  through 
which  project  many  small  rhizoidal  filaments.  These  fila- 
ments are  composed  of  one  to  many  rows  of  thin-walled  cells, 
and  serve  to  absorb  food-material  as  well  as  to  fix  the  plant 
more  firmly  to  its  substratum.  The  cells  of  the  holdfasts  are 
completely  filled  with  protoplasm  and  granular  material ;  have 
a  gelatinous,  cellulose  cell-wall,  and  are  connected  with  one 
another  by  protoplasmic  pits. 

Sections  through  the  holdfast,  midrib,  and  frond  show 
protoplasmic  pits  connecting  adjoining  joint-cells.     It  is  not 
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possible  to  demonstrate  that  open  communication  for  inter- 
change of  nuclei,  chromatophores,  and  other  protoplasmic 
products  between  adjacent  vegetative  cells  is  established  by 
these  pits.  In  Schmitz*s  discussion  of  them  he  says  they  are 
traversed  by  plasma-cords  which  serve  for  conduction  of 
dynamic  influences  from  cell  to  cell.  He  thinks  that  a  transfer 
of  dissolved  food-material  from  cell  to  cell  is  facilitated  because 
of  the  pores  in  the  separating  membrane  of  the  pit,  but  that 
migration  of  protoplasm  by  means  of  these  open  communi- 
cations is  inadmissible.  He  further  states  that  open  com- 
munication between  cells  of  Algae  is  rare,  and  that  when 
formed,  as  in  Corallincae,  the  pores  result  from  the  subsequent 
modification  of  the  common  dissepiment  of  adjacent  thallus- 
cells. 

His  views  regarding  the  pits  between  thallus-cells  of  Algae 
are  c\'idently  correct  with  reference  to  the  organic  connexion 
of  the  cells  of  Grinnellia,  with  one  exception — the  con- 
nexion between  the  procarpic  cells.  As  will  be  seen  in  the 
discussion  of  the  procarp,  the  procarpic  cells  are  connected, 
not  by  pits,  but  by  open  pores,  which  are  established,  possibly, 
in  the  manner  ascribed  by  him  to  Corallineae. 

Fhvsicm.O(;y. 

riants  v%crc  r»und  j^rouin^  on  the  outer  surface  of  the  outer- 
mojrt  plies  of  uharvcs  at  Nantucket  and  WimkIs  Hole,  having 
an  eastern,  S'iUthcrn,  and  western  ex|x»sure  to  sunlight  ;  while 
\cry  fcvk  plants  ucre  found  on  the  ex|>oscd  surface  of  the 
north  pileN.  Whether  this  was  due  to  lack  of  li^ht  can  hardly 
be  stated,  as  other  conditions,  decidedly  unfavourable  to 
jjn^wth.  were  present.  Not  a  single  plant  was  found  on  the 
inside  of  outer  piles  nt»r  <»n  the  outride  of  piles  in  any  ^rcat 
dc|^rtc  "^haded.  while  seviral  other  Al^ae  l>elon^in^»  to  the 
i;T«»ups  i»f  the  (  hlorophyceae  \n^\  Kh-Klophyceae  were  dis- 
covered ^;rowin^;  in  these  places.  1  liii  indicates  that  Gfin- 
mliiA  Is  far  m<»re  dejK*ndent  \x\y\ti  li^ht  than  many  oi  the 
Al^ae  a^^Ktatcd  with  it. 
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While  direct  sunlight  appears  necessary  for  the  continued 
growth  of  the  plant,  it  cannot  endure  strong  light  when  only 
slightly  submerged.  If  after  collection  the  plants  are  placed 
in  water  in  a  shallow  vessel,  exposed  to  the  direct  rays  of  the 
sun,  their  normal  colour  rapidly  changes  to  a  brownish  yellow, 
and  they  give  every  evidence  of  rapid  decay,  evidently  due  to 
the  effect  of  direct  sunlight  and  the  accompanying  rise  of 
temperature.  Direct  experiments  were  not  made  to  deter- 
mine the  sensitiveness  of  Grinnellia  to  changes  of  temperature 
alone,  but  incidentally  it  was  observed  that  a  sudden  variation 
of  lo""  to  15°  C.  from  normal  (temperature  of  15**  C.  in  the 
water  of  Vineyard  Sound)  for  any  length  of  time  is  destructive 
to  the  tissue.  Fishermen  reported  collections  of  this  plant  in 
the  winter.  Having  cut  through  the  ice  they  could  scrape 
it  from  the  piles,  in  water  of  which  the  temperature  was 
probably  not  lower  than  2**  to  5°  C,  while  in  the  summer  the 
temperature  of  these  waters,  as  previously  stated,  is  15**  to 
17*' C 

The  three  types  of  fronds,  antheridial,  carposporic,  and 
tetrasporic,  show  a  similar  degree  of  sensitiveness  to  direct 
light  and  sudden  rise  of  temperature,  but  can  be  preserved  in 
a  normal  condition  for  several  days  in  the  laboratory  if 
properly  shaded,  if  the  normal  temperature  of  the  containing 
water  be  maintained,  and  if  the  sea-water  be  changed  every 
thirty-six  to  forty-eight  hours. 

Nowhere  are  the  effects  produced  by  the  change  of  light 
and  temperature  more  perfectly  shown  than  in  the  process  of 
sporing  and  germination.  The  spores  are  liberated  in  great 
numbers  during  the  night,  particularly  the  second  night  after 
the  plants  are  collected.  However,  numerous  experiments 
proved  that  this  process  occurs  in  some  degree  during  the 
day,  differing  in  this  respect  from  the  sporing  methods 
observed  in  some  other  Florideae,  notably  Champia  parvula. 

Immediately  after  collection,  the  carposporic  and  tetra- 
sporic plants  were  separated  in  order  to  study  the  germination 
of  their  respective  spores.  It  was  found  that  the  carpospores 
are  usually  closely  grouped  in  great  numbers  immediately 
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beneath  the  cystocarps  from  which  they  come,  while  the 
tctraspores  are  promiscuously  distributed  in  much  less  abun- 
dance over  the  bottom  of  the  dish.  A  gelatinous  secretion 
begins  to  form  about  both  carpospores  and  tetraspores  very 
soon  after  they  pass  into  the  water,  which  serves  to  protect,  to 
hold  the  spores  together,  and  to  fix  them  to  the  bottom  of  the 
dish  or  other  substratum.  The  fact  that  they  immediately 
(all  to  the  bottom  of  the  containing  vessel  shows  that  they 
have  a  greater  specific  gravity  than  the  frond,  which  is 
probably  due  to  the  fact  that  their  chromoplasts  and  other 
contents  are  denser  than  those  of  the  cells  of  the  parent 
frond. 

In  a  few  hours  after  the  liberation  of  the  carpospores  they 
arc  so  thoroughly  fixed  to  the  substratum  by  the  gelatinous 
secretion,  that  it  is  necessary  to  subject  them  to  the  full  force 
of  a  strong  stream  of  water  in  order  to  loosen  them.  So 
(ar  AN  Could  be  determined  by  experiment,  they  become  much 
more  firmly  attached  than  the  tetraspores,  which,  in  every 
ca!ie,  arc  found  to  be  exsily  detached  from  their  |>osition 
before  germination.  These  phenomena  lead  to  the  belief 
that  the  special  function  of  the  asexual  spores  of  Algae  is 
tdcnttc.il  with  that  of  the  asexual  spores  of  Fungi ;  viz. 
immediate  distribution.  The  car|><»s[><>res  diflTcr  so  little 
in  col'iu  ar.ii  shajK:  irom  the  tclra'»|). 'ffs,  b  >lh  Inin^^  lakc-reil 
afui  c!!ij)t;c-ol»!  r.^  thai  they  are  "-c.irceh  distinguishable 
fiorii  «ne  aii^ther.  1  lu-\'  a^rre  c!«»seiy  in  si/e  averaging 
\o  >i  \»\  7-  H.  jii^l  preccihnj^  liberation.  Slunlly  atterward 
they  btc wine  in. -re  spherical  a\\{\  enlar;;c  to  \^y  ^  b)  4S  ^.  Ot\ 
ac>  "Unl  of  the  den^tly  a^'^re^attd  t  hr^Mn-'pla^^ts  in  the  newly- 
df ;» >'^itc  <!  ^jM)rc\  it  is  extrenu  ly  difluult  t«»  tiistin^^ni.sh  the 
niic  ras  H'WeNer,  when  treatttl  with  five  p  r  cent,  acetic. 
Of  »»nr  \**  f  iciU.  jiuric  acul  l<'r  ten  ininuleN.  washed  ihorouj^hly 
in  d;^ti.I«  d  uattr,  aru!  then  stained  with  l)elafield"s  hacnia- 
t'Xvlm.  the  nii».leus  of  each  sjKae  is  readily  recognized. 
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Germination  of  Spores. 

The  carpospores  and  tetraspores  having  been  separated  in 
the  manner  above  mentioned,  experiments  in  germination 
were  undertaken  without  possibility  of  confusing  the  respective 
action. 

Because  of  Protozoa  and  minute  Crustaceans,  which  greedily 
devoured  the  growing  spores,  great  difficulty  was  experienced 
in  the  observation  of  their  development.  Immunity  from 
these  creatures  was  obtained  by  using  water  which  had  been 
kept  for  an  hour  at  a  temperature  of  95°  C,  so  as  to  secure 
a  high  temperature  with  but  little  evaporation,  and  thus  to 
prevent  a  larger  percentage  of  salt  than  is  present  in  normal 
sea-water.  Had  water  containing  an  excess  of  salt  been 
used,  it  would  have  proved,  according  to  Oltmann's  experi- 
ments, destructive  to  germination. 

After  the  water  had  cooled  sufficiently,  it  was  slowly 
filtered  through  a  sand  and  cotton  filter,  an  operation  which 
secured  a  twofold  object — removal  of  foreign  bodies,  and 
thorough  aeration.  Following  these  methods,  the  germination 
of  carpospores  and  tetraspores  gave  very  satisfactory  results. 

In  the  beginning  of  the  process  of  germination,  the  gelatinous 
envelope,  which  upon  application  of  chlor-iodide  of  zinc 
gives  a  cellulose-reaction^  is  secreted,  and  is  arranged  in  two 
to  three  concentric  layers  about  the  carpospores  (Fig.  5  *,  c^d) ; 
while  the  single  layer  which  surrounds  the  tetraspores  is 
comparatively  thin  and  homogeneous.  With  subsequent 
imbition  of  water  the  spores  swell  and  become  lighter- 
coloured,  the  form  also  changing  from  elliptical  to  egg-  or 
oval-shape  (Figs.  4  ^,  ^ ;  5  *,  ^,  d).  Cell-division  first  makes 
itself  manifest  by  transverse  fission  at  the  apical  end,  from 
twenty-four  to  thirty-six  hours  after  the  spores  are  deposited, 
a  process  which  is  usually  repeated  at  corresponding  intervals, 
giving  rise  to  a  filament  of  from  three  to  five  cells.  While 
this  filamentous  growth  is  taking  place  at  the  apical  end, 
simultaneous  or  closely  succeeding  development  b^ins  at 
the  basal  portion  of  the  spore  (Fig.  6  *,  b') ;   and  after  the 
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formation  of  three  to  six  transverse  walls,  lateral  branches 
develop,  forming  the  holdfasts  of  the  young  plant  (Fig.  7  h), 
The^c  are  usually  only  a  few  cells  in  length,  irregular  in  outline 
and  incurved  at  the  tip.  enabling  them  to  fix  the  young 
plant  firmly  to  its  substratum.  Because  of  the  nature  of  its 
holdfasts,  the  young  fronds  arc  often  found  growing  in 
epiphytic  fashion  on  older  6>/>i//r///V?- plants  and  other  Algae. 

At  this  |>eriod,  the  rapid  growth  in  the  middle  of  the 
filament  is  characterized  by  the  appearance  of  vacuoles  and 
the  rearrangement  of  chromatophores  in  such  definitely 
transverse  and  radiating  lines  that  the  appearance  of  cell- 
division  is  produced.  As  the  spore  continues  developing, 
thcMT  lines  of  chroma tophorc*s  are  arranged  lengthwise  of  the 
cells  {  F i^.  7  c\  vacuoles  appear  and  the  colour  of  the  contents 
becomes  much  lighter  and  almost  disappears  in  the  outer 
terminal  cells  of  the  filament  (Fig.  7  v). 

(  cll-<)ivision  in  the  germinating  s|)ore  is  limited  to  one 
plane  until  the  formation  of  a  frond  proper  begins,  w*hen 
fission  takes  place  in  two  planes  along  the  lines  of  the  collected 
chri>mati»phores ;  and  subsequently,  with  the  development  of 
the  midnb«  cxcurs  in  three  planes  in  the  median  region  of 
the  frt»n<l. 

1-or  frc»;iienl  obser\ati(»n  of  the  progress  of  germination, 
p:rvt>  ^  {  niu.i  wen-  pl.iccd  beneath  the  fronds  until  sufficiently 
vi»%<rcti  with  .s})«>r<s.  Thr  inii.i  w.is  th<n  iransfcrrccl  to 
Nliiil'U  tlishc  s  ..|  water,  aiul  u.is  rxaininrd  often  iliirin^  the 
t.i:!\  ^ta,;c>  ••!  sjHirf  (iiMJopinciU.  I  his  recurring  ilisturbancc 
p:  -.oi  :n  urious  t«»  the  spt)us,  aiul  thcv  seldom  survived  the 
tr<at!:.tnl  l«'nj.;Li  than  a  wctk.  When  unmolested  and 
-i,j.pl;td  with  lrc>h  u.ilci  daily,  lluy  continued  to  ^row  for 
a  ]»<i.ikI  i»!  lwi»  lo  lhr<  e  weeks. 

Ill  tirtcmuiie  the  \.ir\i:i^j  <*I!«*el  of  tiitlereiit  r.iy*»  of  li^hl 
.  ;•  :\  til*  If  *1«  \  t  loptneiU.  dihi^  e»niainin^;  .sp«»res  were 
V  .  •  !•  I  Aith  c*  »!•  ■..r!e>--,  red  .ind  hlin- '[I.i^n  u-.jk-v  livi  ly  l  hese 
fi  .  c  pr.iv !'  ^  utre  \\\v\\  pf«titited  liom  ilireel  suniij.;lit.  and 
"uj-jiiird  u:!h  lh<-  boded  Ma-\\at<r  uhuh  \\a«>  changed  every 
thif!y-%:x  to  J«.rt\  e'.^^ht  hours.      1  he  sjH.res  uniler  the  CoU)ur- 
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less  glass  gave  much  better  results  than  those  in  open  dishes, 
living  from  ten  to  thirteen  days,  which  was  due,  perhaps,  to 
the  exclusion  of  dust  and  the  maintenance  of  a  lower  tem- 
perature. The  average  of  results  of  experiments  with  carpo- 
spores  and  tetraspores  shows  that  they  live  for  a  longer  time, 
attain  greater  size,  and  possess  a  more  vivid  colour  when  kept 
under  blue  glass  than  when  covered  with  red,  and  in  both 
instances  give  more  satisfactory  results  than  those  germinating 
under  the  colourless  glass.  These  conclusions,  while  not  final, 
give  additional  weight  to  the  belief  that  this  plant  is  par- 
ticularly sensitive  to  light. 

Under  the  most  favourable  conditions  (beneath  blue  glass), 
the  spores  developed  into  young  fronds  of  twenty-four  cells ; 
and  on  adult  fronds  collected,  young  plants  of  exactly  com- 
parable development  were  found  growing  in  epiphytic  fashion. 

With  the  addition  of  these  and  more  advanced  forms,  it 
was  possible  to  pass  in  review  the  successive  phases  from  the 
unicellular  spores  to  the  fully-developed  membranaceous 
fronds. 

Not  only  does  Grinnellia  reproduce  itself  by  means  of 
spores,  but  also  vegetatively,  in  two  ways.  First,  by  the 
method  referred  to  above  where  proliferations  arise  from  the 
remnants  of  frayed  fronds.  Very  many  of  these  specimens 
were  collected  in  the  latter  part  of  the  season  from  piles  which 
had  been  scraped  earlier  in  the  summer,  at  which  time  only 
fragmentary  fronds  of  Grinnellia  had  been  left  attached. 
The  second  method  of  vegetative  reproduction  was  observed 
in  small  portions  of  the  frond  which  had  been  severed 
accidentally  from  the  parent  plant.  These  fragments,  con- 
taining a  short  portion  of  the  midrib,  attached  themselves 
by  their  cut  ends  to  the  bottom  of  the  porcelain  dishes,  and 
grew  vigorously  as  long  as  they  were  supplied  with  the  usual 
favourable  conditions. 

Development  of  Antheridia. 

In  his  work  on  the  fructification  of  the  Florideae,  Dr.  Schmitz 
states  that,  in  all  cases  examined,  the  reproductive  organs 
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originate  and  develop  by  apical  growth  :  *  An  diesem  Thallus 
entstehen  die  Scxualzellen  durch  Diflferenzining  einzelner 
Endzellen  des  ganzen  Systems  verzwcigter  Zellfaden.* 

GrinntUia  amrruana  seemed  an  exception  to  Schmitz's 
law  of  development,  because  of  the  patches  of  antheridia  and 
the  cone-shaped  conccptades  which  originate  from  the  mem- 
branaceous male  and  female  fronds.  Dr.  Schmitz  does  not 
mention  this  peculiar  Alga,  which  was  probably  inaccessible 
to  him.  To  prove,  therefore,  whether  this  genus  is  an 
apparent  or  a  real  exception  to  his  law,  made  the  study  of 
its  development  exceedingly  interesting. 

In  the  development  of  the  antheridia,  individual  vegetative 
cells  in  different  parts  of  the  frond  are  observed  to  change 
from  a  pronounced  red  to  a  lighter  colour,  possibly  due  to 
an  accompan>nng  development  of  a  lai^e  amount  of  granular 
matter  of  a  highly  refractive  character.  Similar  changes  are 
ob^rved  to  follow  immediately  in  many  of  the  cells  adjoining 
these  centres,  causti^  the  male  fronds  to  be  patched  promis- 
cuously on  both  sides  with  numerous  collections  of  these 
lighter-coloured  granular  cells.  These  individual  groups 
occupy  irregular  areas  varying  from  two  to  twenty  times  the 
surface  of  the  average  vegetative  cell,  and  are  covered  with 
a  thicker  gelatinous  layer  than  the  vegetative  portion  of  the 
frond  il*i^(.  ^\.  (  rossscctions  of  these  regions  show  that  the 
M^nific.incc  of  the  cx(  cssivc  granular  substance  in  llus  instance 
!•»  the  mo<iir"uMtion  <»f  vegetative  tissue  in  |)reparati<»n  for  the 
I-  rmaliofi  c»f  rcpHnluctive  clemcnlH.  The  sections  were 
j)fr|areil  from  antheriiiial  fmnds  which  had  been  stained 
tHo  h<^ur^  in  Oelatl eld's  ha«  matoxylin.  1  hey  show  that  the 
ni<  tlificd  ve^;«  tativc  cells  divide  transversely,  and  that  each  of 
the  dau^;htcr  cells  repeats  the  prt  cess  at  both  en«N,  in  a  plane 
at  fu:lit  angles  to  the  first  plane  of  divisi.in  thus  ^ivin^  rise 
t  »  thrct-  la\rrs  «»f  celU  instead  t)f  one  «l'i^    ^) 

\\\r  prot<»pIasrn  of  the  cells  la.st  tornud  n»llevt^  iUo  .i  <lcnsc 
nia*»s  at  the  distal  en«l  and  forms  a  spheric.d  l><>d\'.  which 
%r{»arateN  by  a  constriction  t>f  the  cell-wall  below  it.  (I'i^^. 
X  ./.  </r  «'  »     *I  hr  >phcrical  cell  thus  formed  is  an  antheruzuid. 


14     Brannon. —  Tfie  Stmcture  a7id  Developmmt  of 

Presently  these  small  spherical  bodies  separate  from  their 
mother-cells  and  pass  into  the  gelatinous  layer  which  covers 
the  patches  of  antheridia. 

These  antherozoids  are  non-motile,  consequently  depending 
upon  water-currents  for  distribution  so  as  to  come  into  contact 
with  trichogynes.  Repeated  tests  for  their  nuclei  gave 
negative  results,  though  the  granular  contents  show  deeply- 
stained  fragmentary  particles. 

Because  the  male  plants  are  smaller  and  apparently  much 
more  rare  than  the  female,  and  produce  non-ciliated  anthero- 
zoids, it  is  obvious  that  the  male  plants  must  generate  an 
extraordinarily  large  number  of  them.  This  demand  is 
abundantly  supplied  by  the  myriads  of  antherozoids  developed 
in  the  apical  manner  described  above. 

Development  of  the  Cystocarp. 

The  method  of  the  development  of  the  cystocarps,  which 
are  promiscuously  distributed  on  either  side  of  the  female 
frond  of  Grinnellia^  appears  more  difficult  to  harmonize  with 
the  theory  of  Schmitz  than  does  the  manner  of  formation  of  the 
frond  and  the  antheridia.  The  study  of  the  initial  develop- 
ment of  the  cystocarp,  however,  not  only  shows  that  it 
conforms  to  his  theory  of  the  development  of  most  of  the 
Florideae,  but  further  testifies  that  the  whole  tissue  of  this 
leaf-like  Alga  is  developed  by  apical  growth  of  ramifying 
threads.  In  the  apical  and  marginal  regions  of  partially 
mature  female  plants,  and  distributed  promiscuously  over  the 
entire  surface  of  young  female  fronds,  are  isolated  individual 
cells  assuming  a  triangular  shape  (Fig.  lo).  They  arc 
directed  apically  outward  and  upward  in  such  a  manner 
that  if  a  line  were  drawn  through  the  long  axis  of  any  one  of 
them  to  the  median  plane  of  the  frond,  an  angle  of  50"  to  75"* 
with  the  midrib  would  be  formed.  These  are  centres  of 
active  growth,  and  develop  groups  of  cells  (Fig.  1 1  and  Fig.  1 2) 
similar  in  appearance  and  outline  to  those  at  the  apices  of 
the  growing  plants.     After  twenty  to  thirty  cells  have  been 
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formed  in  the  plane  of  the  frond,  growth  begins  in  the  third 
plane,  producing  a  papilla-like  thickening  in  these  portions 

(tig-  »3)- 

The  procarp  consists  of  three  cells  and  arises  as  a  lateral 

branch  from  one  of  the  large  joint-cells  in  the  plane  of  the 
frond  (Fig.  14).  In  the  haematoxylin  preparations  of  mature 
procarpic  cells  it  is  found  that  each  contains  a  well-defined 
nucleus  within  the  densely  granular,  protoplasmic  contents, 
and  that  these  cells  arc  connected  by  open  pores  which 
perforate  their  delicate  cell-walls.  The  granular  material 
passing  through  these  pores  gives  a  beaded,  strand-like 
appearance  to  the  protoplasmic  connexion  between  adjacent 
procarpic  cells.  The  basal  procarpic  cell  is  frequently  the 
smallest  in  the  branch  and  is  connected  with  the  supporting 
cell  by  a  pore,  and  not  by  a  pit  as  are  the  four  contiguous 
thallus-celU  which,  with  the  supporting  cell,  form  a  charac- 
teristic group  in  the  floor  of  the  young  cystocarp. 

It  is  possible  that  the  early  connexions  between  the  cells  of 
the  procarpic  branch  were  pits  which  became  open  pores  by 
the  absorption  of  the  delicate  cell-wall  at  the  points  of 
communication. 

The  up|>ermost  cell  of  the  procar|)ic  chain  becomes  the 
car|>f»'^ontum  from  which  the  trichogync  develops  (Fig.  14  tr\ 
The  trivh<»'^ync  is  subject  to  considerable  variation.  In  some 
iMHtaruc^  it  i'»  branchtMl  and  iniu  h  clon^atiti  ( Fi^;.  17/'):  in 
«»lhrfH  It  \%  •»iinplc.  tui>tc(i.  and  of  iTVKlc-ratc  Irnj^lh  1  Fi^.  i',). 
I  he  ^r.tnular  jirotoplasrnic  ct»r)tents  of  the  Iricho^vne  are  in 
nuff.fd  <ontr.ist  to  the  clear  gelatinous  sheath  envelt)|)in^  it. 
Ju"»t  al>ovc  the  c.ir|><»'^''»nivirn,  a  knee-shaped  enl.ir^eincnt 
fre«,uent!y  <i«urs  <I*i^'h.  14  and  17  k\.  At  this  jn^int  the 
l'»r;Mtu<iinal  aM>  of  tlie  IrichM^yne  chanijes  its  direction  .\x\k\ 
niakc^  an  ani.:le  of  ^c  to  40  with  its  f«»riner  .i\is.  Ibis 
f  fdar^^rtrient  •  n  «)ne  side  of  the  basal  re^i«»n  may  !><•  the 
cau  «-  of  the  cban^rd  direiti«'n  of  growth  in  the  trKh«>;j\  tie.  or 
i\\x\  \fr  ,\\\  ai .  "miMtu  it»ij  phenomenon  due  to  the  resistance 
i*h:*h  the  youn^  trub«»^'\'ne  must  overcome  when  previm^j 
l^tween  the  cells  of  the  rapidly-tormin^  jx-ricarp. 
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In  Schmitz's  discussion  of  the  origin  of  the  female  sexual 
cells  of  the  Florideae,  he  states  that  without  exception  they 
develop  from  the  end-cells  of  shorter  or  longer  side-branches 
of  the  whole  system  of  ramification  of  thallus-filaments  ;  that 
these  branches  are  formed  sometimes  as  secondary  side- 
branches  subsequently  to  the  formation  of  other  ramifications; 
and  that,  in  all  cases,  the  female  sexual  cell,  the  carpogonium, 
is  formed  from  the  end-cell  of  the  side-branch  by  permitting 
a  process  to  project  from  its  apex  which  develops  into  a  more 
or  less  long  hair- like  trichogyne. 

As  has  been  shown  in  the  foregoing  description  of  the 
origin  of  the  procarpium  and  carpogonium,  Grinuellia  agrees 
with  many  of  the  Florideae  in  the  development  of  these 
organs. 

It  was  impossible  to  discover  antherozoids  fusing  with  the 
trichogynes  of  freshly  collected  material,  therefore  several 
young  female  fronds  were  placed  in  a  dish  of  water  and 
covered  with  antheridial  plants.  The  same  degree  of  care 
was  observed  with  respect  to  the  change  of  filtered  sea-water 
at  stated  periods  and  the  excess  of  light  and  heat  as  had  been 
found  necessary  in  the  successful  germination  of  spores  and 
the  preservation  of  living  Grinnellia  plants.  Very  satisfactory 
results  followed,  and  several  cases  of  fusion  and  partial  fusion 
were  found  in  sections  of  specimens  artificially  brought 
together. 

The  carpogonium  is  fertilized  by  the  fusion  of  one  or  more 
antherozoids  with  the  trichogyne  (Fig.  19  a).  It  was  im- 
possible to  identify  the  nucleus  in  the  antherozoids,  and 
equally  diflficult  to  determine  whether  the  trichogyne  possessed 
a  nucleus.  Hence  no  union  of  nuclei  was  observed  when  the 
cell-contents  of  the  antherozoid  were  intimately  associated 
with  those  of  the  trichogyne.  In  the  latter  there  were 
individual  and  grouped  particles,  which  took  a  deeper  stain 
when  treated  with  Delafield's  haematoxylin  than  the  sur- 
rounding non-granular  substance. 

In  somewhat  older  specimens  the  trichogyne  is  separated 
from  the  fertilized  carpogonium  by  a  cellulose  plug  which  is 
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formed  In  the  neck  of  the  trichogyne.  Shortly  after  thij, 
zoof^loea-bacteria  collect  about  the  distal  end  of  the  trichogyne 
and  cause  its  rapid  disintegration  (Fig.  14^).  This  shows  the 
e\*anescent  character  of  the  organ,  which  decomposes  and 
falls  aw*ay  in  a  short  time  after  receiving  the  contents  of  the 
fusing  antherozoid. 

As  there  is  no  indication  of  a  conjugating  tube  connecting 
the  carpogonium  to  the  large  auxiliary  cell  which  supports 
the  procarpic  branch,  and  as  there  are  open  pores  connect- 
ing the  cells  of  the  procarpium,  it  seems  evident  that,  with 
the  substitution  of  pores  for  pits,  Bomet's  explanation  of  the 
method  of  propagating  the  fertilizing  influence  from  the  car- 
pogonium to  the  cell  which  develops  the  sporiferous  tissue 
roust  be  accepted  in  this  Alga. 

Ver>'  soon  after  the  fertilizing  contents  of  the  carpogonium 
have  been  transmitted  to  the  auxiliary  cell  (the  large  thallus- 
cell  which  supports  the  procarpic  branch),  it  begins  an  active 
gro^ftth.  It  increases  in  size,  develops  a  very  thick  cellulose 
cell-wall,  and  becomes  gorged  with  dense,  yellowish,  proto- 
plasmic contents.  A  similar  and  accompanying  phenomenon 
is  observed  to  occur  in  the  four  large  auxiliary  cells  which 
immediately  surround  this  supporting  cell  of  the  procarp  and 
are  found  in  the  plane  of  the  frond  (Fig.  16). 

Thc^c  cells  arc  nuclcalcil.  have  ihc  same  ^jeneral  jH^sition 
uith  rcfereiKC  to  one  .inulhcr  (I'i^-  i/J'.  and  form  a  clistincti\c 
^r«)ij|)  if)  all  younjj  cyslucarps. 

In  their  study  of  Gracilaria^  Hornet  and  Thuret  refer  to 
a  ^^rouji  t>f  cc!U  in  the  ha^vai  rc^;i<»ii  of  the  fruiting  Ixxly 
uhich  rci»ctnblc  thin  ^roup  in  (itintttUta.  In  a  sutide-^iucnt 
invtsti^atiun  of  the  prcKTarpiuin  and  fruit  of  (jnwildfia^ 
Mr  Johnson  rncnlions  the  s.inic  cells  and  considers  them 
a  fart  of  the  pr<<arp.  In  Grinm-lUa  they  arc  auxiliary  cells 
of  \%hich  the  central  one  develt»ps  the  spt^riferous  tissue 
%ubNC<jUently  to  receiving  the  fertilizing  influence  t>f  the 
CAr|*i>^ofiiuni. 

The  devcli)pmental  chan^en  in  the  youn^;  cy^ttKaq)  are 
very  rapid  from  thi»  |>ericxi.     The  central  cell  of  this  group, 
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as  noted,  is  the  centre  of  growth  of  the  sporiferous  filament**, 
and  the  four  adjacent  cells  receive  and  supply  food-material 
for  the  development  of  the  sporiferous  tissue.  In  all  prepara- 
tions of  a  certain  stage  it  was  observed  that  the  central  cell 
gave  rise  to  an  upper  and  a  lower  daughter-cell  (Fig.  ao  i,  c\ 
These  cells  contained  the  same  dense,  yellowish,  protoplasmic 
contents  which  characterized  the  cell  from  which  they  came. 
The  daughter-cells,  resulting  from  the  division  of  the  upper 
cell  (Fig.  26  d)  multiply  rapidly  and  soon  form  a  papilla  {pa) 
of  four  to  six  cells  extending  from  the  floor  obliquely  into  the 
cavity  of  the  cystocarp.  The  plane  of  cleavage  in  the  cells  of 
the  papilla  is  not  regular  but  angular  and  concave  on  the 
upper  surface  of  older,  and  convex  on  the  lower  surface  of 
younger  cells  (Fig.  18).  Marginal  cells  are  cut  off  from  the 
surface  of  these  and  give  rise  to  most  of  the  sporiferous 
filaments  (Fig.  23).  All  of  these  cells  are  connected  by  pits 
and  contain  the  same  dense,  yellowish,  protoplasmic  contents 
which  characterized  the  auxiliary  cells. 

Sporiferous  filaments  continue  to  originate  at  diflfercnt 
times,  so  that  in  a  median  longitudinal  section  of  a  partially 
mature  cystocarp  fully  developed  spores  may  be  found  on  one 
side,  and  half  mature  to  very  young  ones  on  the  other  (Fig.  aa). 

The  sporiferous  filaments  have  a  somewhat  unique,  though 
uniform,  method  of  development.  They  usually  grow  in  the 
form  of  a  central  chain  of  cells,  from  each  unit  of  which 
a  whorl  of  branches  is  developed  consisting  of  two  to  three 
cells  (Fig.  24).  Primarily,  the  cells  of  each  branch  are 
connected  by  long  protoplasmic  filaments  (Fig.  18/1),  but  the 
cells  gradually  enlarge  until  this  neck-like  connexion  is  so 
abbreviated  that  they  are  almost  in  contact,  showing  merely 
a  simple  protoplasmic  pit  in  the  very  short  connexion  between 
their  walls  (Fig.  23/).  These  enlarged  cells  become  densely 
filled  with  protoplasm  and  give  rise  to  the  dichotomously 
branching  chains  of  carpospores.  Usually  three  to  five 
carpospores  originate  from  each  sporiferous  branch  by 
repeated  abstriction  of  its  terminal  portion  (Fig.  23  c).  At 
first  the  carpospores  are  small,  irregular  in  form  (Fig.  26  c\ 
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and  possess  a  clear  granular  appearance.  Presently  they 
enlarge  (Fig.  26  r/),  passing  through  an  elongated  oblong- 
elliptical  form  (Fig.  26  r^  to  a  true  oval  or  spherical  shape 
(Fig.  26  m).  As  the  spores  gradually  increase  in  size,  they 
acquire  a  reddish  colour  which  finally  becomes  a  lake-red, 
the  characteristic  colour  of  all  mature  spores  of  Grinnellia. 
This  process  is  repeated  by  every  one  of  the  sporiferous 
filaments  developing  from  the  large  central  basal  cell,  in  this 
way  giving  rise  to  a  very  large  number  of  carpospores, 
averaging  from  300  to  400,  in  every  mature  cystocarp.  The 
stimulation  resulting  from  fertilization  of  the  young  cystocarp 
is  manifest  not  only  in  the  origin  and  active  growth  of  the 
sporiferous  filaments,  but  also  in  the  rapid  development  of 
other  portions,  such  as  the  pericarp,  basal  cortical  tissue  and 
sterile  filaments  (Fig.  21). 

From  the  moment  the  joint-cell  at  the  base  of  the  procarpic 
branch  begins  to  enlarge  and  acquire  dense  protoplasmic 
contents,  the  growth  of  the  pericarp  is  accelerated.  The  cells 
on  the  u|>pcr  surface  of  the  c>'stocarp  multiply  rapidly  and 
become  elevated  by  the  growth  of  tissue  in  the  fruiting  portion 
of  the  young  cystocarp.  As  thb  surface-tissue,  which  is  to 
form  the  pericarp,  further  develops,  it  is  apparent  that  its 
irregular  arrangement  of  cells  is  bcxoming  regular,  and  that 
a  number  of  filament^,  ^rowin^  apically,  are  united  with  each 
ulhcr  by  lateral  branches.  These  j>ericarpic  filaments  not 
only  branih  in  the  surface-plane  of  the  jxrricarp.  but  aUo  at 
right  anjjlcs  to  that  plane,  forming  two-  to  three-celled  branches 
uhich  arc  connected  with  the  terminal  cells  of  the  sterile 
filaments  \%ithin  the  cyst^)Carpic  cavity  (Fig.  iM  sp\  The 
branches  from  the  pcricarpic  filaments  decrease  as  the  filaments 
grow  out\%aril  and  upward  until  their  apices  are  in  contact  and 
(orm  a  circle  al>out  an  oj)en  jiortion  over  the  central  region 
t»f  the  cyNt<K:arpic  cavity.  These  filaments  now  change  the 
direction  of  |jro\%th,  which  had  previously  formed  an  angle 
of  6c  to  7  y  uith  the  surface-plane  of  the  frond,  m)  that  they 
l^ro»  a!m**tt  at  ri|;ht  angles  with  tlut  surface  (Fig.  ll  cr\ 
I  he  apical  cclU  divide   four  to  &i\    times  aiKi  grouth  dis- 

<    1 
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continues.  Thus  a  cone-shaped  wall  is  developed  about  the 
cystocarp,  and  a  carpostome,  very  rarely  two,  is  formed  in 
the  apex  of  the  cystocarp  by  the  circularly-arranged  terminal 
cells  of  the  pericarpic  filaments. 

The  lower  cortical  tissue,  composed  of  a  few  cells  at  the 
time  of  the  fertilization  of  the  procarp,  begins  to  increase 
immediately  after  fertilization  and  forms  a  supporting  tissue 
of  four  to  six  layers  of  cells  between  the  floor  or  basal  cysto- 
carpic  cells  (consisting  of  the  five  auxiliary  and  the  surround- 
ing cells  lying  in  the  horizontal  plane  of  the  frond)  and  the 
pericarp,  enclosing  the  lower  portion  of  the  cystocarp 
(Fig.  22  c).  These  cortical  cells  have  thin  walls  and  clear 
granular  contents,  indicating  that  their  function  is,  at  least 
partially,  transmission  of  food  to  the  mother-cells  of  the 
sporiferous  filaments. 

The  body-cavity  enlarges, /^ri/ojit/,  with  the  development 
of  numerous  sporiferous  and  sterile  filaments,  the  latter 
connecting  the  cortical  tissue  at  the  base  of  the  cystocarp 
with  various  portions  of  the  rapidly  developing  pericarp. 

These  sterile  filaments  consist  of  a  few,  long,  narrow  cells 
having  an  appearance  similar  to  that  of  the  cortical  cells 
(Figs.  18,  26  sf).  The  function  of  these  filaments  is  somewhat 
problematical.  The  fact  that  they  originate  from  the  basal 
cortical  region  of  the  cystocarp,  which  is  in  immediate  contact 
with  the  group  of  dense,  protoplasmic,  auxiliary  cells,  from  one 
of  whose  daughter-cells  the  sporiferous  tissue  develops,  and 
that  they  are  joined  to  the  pericarpial  wall,  strongly  suggests 
that  their  function  is  to  conduct  nutritive  material  from  the 
pericarp  through  the  cortical  tissue  to  the  mother-celk  of  the 
sporiferous  filaments.  It  seems  hardly  probable  that  they 
afford  a  support  to  the  pericarp,  as  it  is  composed  of  two  to 
three  layers  of  cells  arranged  in  the  manner  of  an  arch  about 
the  body-cavity  of  the  cystocarp  (Fig.  2i/r). 

The  fact  that  the  cells  given  oflf  in  whorls  from  the  central 
cells  of  the  sporiferous  filaments  are  small  with  clear  sparsely 
granular  contents  at  first,  in  subsequent  development  becoming 
greatly  enlarged  and  crowded  with  dense  granular  substance. 
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gives  additional  testimony  to  the  belief  that  the  sterile 
filaments  connecting  pericarp  and  cortical  cells  in  the  base  of 
the  cystocarp  (Fig.  21)  are  agents  for  conducting  food-material 
from  the  pericarp  to  the  cgg-cclls  of  the  cystocarp. 

In  Mr.  T.  Johnson's  work  on  Sphaerococcus  and  Gracilaria^ 
he  figures  and  describes  a  complicated  fusion  of  the  procarpic 
cells  shortly  after  fertilization  of  the  trichogyne.  A  very 
Urge  cell  is  the  result  of  this  fusion  of  several  cells  and  from 
this  the  ooblastema- filaments  develop.  Nothing  of  this  nature 
b  discovered  in  the  growth  of  the  cystocarp  of  Grinnellia, 
It  seems,  on  the  contrary,  that  the  large  protoplasmic 
companion-cells  simply  contribute  nourishment  to  the  large 
central  cell  through  the  pits  in  the  walls  of  their  connecting 
processes  (Fig.  26/),  and  that  this  large  cell  gives  rise  to  a  few 
<»oblastema-fiIaments  and  to  a  papilla-like  growth  of  cells 
c(>ntaining  dense  protoplasmic  contents  from  which  nearly  all 
the  ooblastema-fi laments  develop  (Figs.  24  25).  In  this 
way  the  production  of  these  filaments  is  continued  at  different 
intervals  and  gives  rise  to  chains  of  carpospores  of  various 
ages,  ranging  from  mature  to  very  young  forms  (Figs.  22,  26). 

The  lack  of  fusion  in  the  auxiliary  cells  of  Grinnellia  is  one 
of  the  most  notable  points  observed  in  the  study  of  its 
drvcl'»|iment.  It  is  esj>ecially  |K'culiar,  as  fusion  of  basal, 
pr"Carpic  cells  has  bctn  reported  in  the  rclatetl  ^enus 
fif.uiIatiA  A  (arclul  eXiiininatlon  i^i  a  \ery  larj^e  number  of 
vl.iincd  .iini  unsl.iined  prepiirati«'iis  of  median  longitudinal 
ami  tran^vt  r>c  section^  of  y«»un^  ami  oM  cystocaip^  failed  to 
reveal  a  single  case  <»f  cell-fusion  The  ccll-walU  of  the  old, 
empty,  auxiliary  cells  in  the  base  ot  the  inatuif  cy^liKarps 
were  unabv)rbcd.  thou^jh  »iftcn  irregular  and  distnried,  l>ctMiise 
the  cell-Contents  had  been  used  in  supplying  food-inateiial  to 
the  oobI.istcm.i  filaments  aiul  carjK>sjx>rcs.  As  «»nly  a  thin 
membrane  19  left  to  mark  the  eell-w.ills  of  the  tinply  auxiliary 
vcIU,  the  frceiinj.;  nuth'Kl  was  esjKrcially  valvial)!e  '\\\  exactly 
<!rtcrmining  whether  there  had  been  Awy  true  fusion  of 
adjairfit    cells      Any    prcKe^s    cinployetl    in    preparation   for 

tioning.  uhich  uoulil  have  prtKluccd  e\'en  a  slight  rupture 
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in  the  frail  walls  of  these  old  exhausted  cells,  would  almost 
certainly  have  given  preparations  showing  the  empty  cells 
connected  by  wide  openings,  thus  leading  to  the  conclusion 
that  cell-fusion  between  these  auxiliary  cells  had  taken  place. 

During  much  of  the  time  devoted  to  the  initial  study  of 
Grinnelliay  many  attempts  were  made  to  carry  it  through 
parafline  for  the  purpose  of  sectioning,  but  none  were  success- 
ful. It  was  found  on  examination  from  time  to  time,  as  the 
plants  were  being  prepared  for  imbedding,  that  they  endured 
the  action  of  absolute  alcohol  and  the  oils  very  well ;  but  in 
every  case  the  tissue  was  found  to  be  too  delicate  to  endure 
the  temperature  necessary  in  the  final  process  of  imbedding, 
even  when  the  softest  paraffine,  melting  at  the  low  temperature 
of  45*"  C,  was  employed. 

After  repeated  failures  with  paraffine  the  celloidin  method 
was  tried.  This  proved  somewhat  more  satisfactory,  though 
the  prolonged  treatment  of  sections  with  the  oils  used  in 
dissolving  celloidin  shrivelled  and  distorted  them  to  such 
an  extent  as  to  render  observations  partial  and  uncertain  in 
their  results.  Finally,  having  secured  an  abundance  of 
favourable  material,  and  adopting  the  freezing  methods  and 
apparatus  perfected  by  Mr.  W.  J.  V.  Osterhout  of  Brown 
University,  the  successful  study  of  the  cystocarpic  develop- 
ment of  Grinnellia  was  undertaken,  and  very  gratifying 
results  obtained. 

The  great  advantages  of  the  freezing  method  in  work  on 
Grinnellia  are  appreciated  in  the  ability  to  make  rapid 
preparation  of  fresh  tissue  and  to  secure  a  great  number 
of  sections  with  comparatively  little  labour.  This  latter 
advantage  makes  the  process  especially  valuable  in  showing 
the  relation  of  the  evanescent  trichogyne  to  the  procarp.  It 
is  difficult  to  observe  this  relationship  by  other  methods, 
since  many  of  the  cystocarps  may  be  too  young  or  too  old 
by  a  few  days  to  show  clearly  the  early  stages  of  procarpic 
development. 

A  brief  summary  of  this  method  may  be  given  as  follows : — 

A  portion  of  the  fresh  frond  is  arranged  in  several  layers. 
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held  firmly  together  and  placed  in  dilute  gum-arabic  on  the 
freezing  chamber.  In  a  few  minutes  it  is  frozen  sufficiently 
for  sectioning. 

The  sections  in  this  work  were  cut  -03  mm.  in  thickness^ 
and,  mounted  in  dilute  glycerine,  were  ready  for  examina- 
tion. 

In  some  cases  sections  were  stained  with  Ddafield's  haemal 
toxylin  in  order  to  bring  out  distinctly  the  thin  gelatinous 
coat  which  surrounds  the  procarpic  cells  and,  in  more  advanced 
stages  of  the  cystocarp,  the  thick  cell-walls  of  the  auxiliary 
cells  and  ooblastema-filaments. 

To  summarize  the  chief  points  developed  in  the  study  of 
GrimmtUia  anuricana : — 

I.  GrimneUia  americana  is  distinctively  an  Anserican  marine 
Alga.  It  was  erected  into  an  independent  genus  by  Dr.  Harvey. 

a.  There  are  no  distinctive  diflerences  in  the  vegetative 
structure  of  the  male*  female,  and  tetrasporic  fronds. 

3.  This  Alga  flourishes  most  luxuriantly  in  quiet  waters. 
In  such  conditbns  the  fronds  separate  from  their  holdfasts 
late  in  the  summer;  and,  rising  to  the  surface,  are  carried 
away  by  the  shore-currents,  thus  effecting  a  wide  and  whole* 
sale  distribution  of  the  fruiting  bodies. 

4.  The  cells,  vegetative  and  reproductive,  are  nucleated, 
surrounded  by  thick  cell-walls  ami,  with  one  exception,  con- 
nected with  one  another  by  protoplasmic  pits.  In  the  case 
of  the  exception,  the  cells  of  the  procaq>,  they  arc  connected 
by  open  ()orcs. 

.V  Adult  plants  are  ver>'  sensitive  to  intense  light  and 
increasing  temperature ;  but,  on  the  other  hand,  will  not  grow 
in  sliady  places. 

6.  Mutilated  plants  proliferate  readily,  and  thus  a  single 
frayed  frond  may  give  rise  to  a  lar|*c  number  of  vegetatively- 
priHiuced  plants.  Not  only  do  these  proliferations  de\'elop 
when  injured,  but  the  female  plants  frcc]uently  bear  prolife- 
rations, in  the  terminal  end  of  which  may  be  found  a  cysto- 
carp, which  appears  iMrdicellatc. 

Plants  may  originate  vegetatively  by  regeneration  of  the 
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frond   from   small  portions  which  have  been  cut  from  the 
parent  plant. 

7.  It  is  found  by  experiment  that  the  carpospores  and 
tetraspores  arc  excellently  adapted  to  the  study  of  the  various 
phenomena  attending  germination,  for  while  they  respond 
readily  to  change  of  intensity  of  light,  temperature,  and  salinity 
of  the  surrounding  water,  yet  they  are  sufficiently  hardy  to 
develop  into  young  plants  when  artificially  supplied  with 
favourable  conditions. 

8.  The  non-motile  antherozoids  are  developed  in  enormous 
numbers  by  the  abstriction  of  the  terminal  portion  of  the 
apical  cells  of  the  antheridia. 

9.  The  cystocarp  begins  to  develop  by  the  modification 
and  apical  growth  of  a  joint-thallus-cell. 

10.  The  procarp,  consisting  of  three  cells,  is  developed  from 
the  supporting  thallus-cell  in  the  base  of  the  young  cystocarp. 
Its  apical  cell  becomes  the  carpogonium.  Subsequently,  the 
fertilized  contents  of  the  carpogonium  are  transferred  through 
the  open  pores  connecting  the  procarpic  cells  to  the  sup- 
porting thallus-cell  which  becomes  the  central  one  of  the  five 
auxiliary  cells. 

11.  The  trichogynes  are  often  branched,  and  as  many  as 
five  simple  ones  may  grow  from  a  cystocarp  borne  on  a 
proliferation. 

I  a.  Fusion  of  the  antherozoid  with  the  trichogyne  results 
in  great  stimulation  to  the  thallus-cell  at  the  base  of  the 
procarp,  and  rapid  disintegration  of  the  trichogj'ne,  which  is 
a  very  evanescent  organ. 

13.  The  sporiferous  filaments  are  developed  as  chains  of 
central  cells,  from  each  of  which  a  whorl  of  spore-producing 
threads  may  originate. 

14.  The  carpospores  arise  acropetally  from  the  branches 
of  the  sporiferous  filaments,  and  not  interstitially. 

15.  The  development  of  the  cystocarps  of  Grinnellia  agrees 
with  that  reported  for  Gracilaria  in  that  the  body-cavity 
develops  schizogenetically,  and  that  the  sterile  filaments 
connect  the  pericarp  with  the  cortical  tissue  below  the  g^oup 
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of  highly  refractive,  yellow  cells  at  the  base  of  the  procarpium. 
It  differs  in  that  the  pericarp  is  only  two  to  three  layers  of 
cells  in  thickness,  and  that  no  fusion  of  cells  is  observed  in  the 
basal  cystocarpic  region  of  Grinnellia.  As  previously  stated, 
this  is  one  of  the  most  salient  points  developed  in  the  study 
of  Grinnellia,  This  subject  was  more  interesting,  and  received 
more  special  attention,  because  fusion  of  cells  in  the  basal 
cystocarpic  region  had  been  reported  for  other  Florideae, 
notably  the  closely  related  genus  Gracilaria, 

16.  It  is  perfectly  evident  that  fusion  of  cells  in  the  basal 
region  of  the  developing  cystocarp  does  not  occur ;  but  that 
the  large  amount  of  nourishment  supplied  to  the  ooblastema- 
iilaments  by  the  cells  growing  directly  from  the  joint-cell  at 
the  base  of  the  cystocarp,  is  received  directly  through  the  pits 
from  the  group  of  densely  protoplasmic  auxiliary  cells  in  the 
floor  of  the  fruiting  body,  and  indirectly,  by  transmission  from 
the  pericarp  through  the  sterile  filaments. 

17.  Grinnellia  americana  conforms  in  every  phase  of  de- 
velopment to  Schmitz's  law  of  apical  growth.  This  law  is 
exemplified  in  the  germination  of  the  spores,  the  growth  of 
the  fronds,  the  origin  and  development  of  antheridia  and 
cystocarps,  and  the  final  separation  of  antherozoids  and 
carpospores. 

State  University  op  North  Dakota, 
Grand  Forks,  North  Dakota. 
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EXPLANATION  OF  FIGURES  IN  PLATES  I-IV. 

nivstrating  Mr.  Brannon*8  paper  on  Grinnellia  americana,  Harv. 

Fig.  I.  Transverse  section  of  a  frond,  m,  showing  the  r^on  of  the  midrib. 
/,  the  region  of  the  frond  which  is  only  one  layer  of  cells  in  thickness,     x  1 25. 

Fig.  2.  Transverse  section  of  the  holdfast  c,  thick,  yellowish  cuticle,  co,  the 
cortical  portion  of  the  hold£ut    r,  one  of  the  rhizoidal  filaments,     x  725. 

Fig.  3.  f ,  cystocarps  borne  on  the  distal  end  of  the  proliferations,     x  30. 

Fig.  4.  Two  carpospores  two  days  old  showing  a  thick,  cellolose  cell-wall. 
«,  spherical  spore  before  germination,  and  ^,  the  spore  having  become  elliptical 
in  outline  shortly  after  the  formation  of  an  apical  celL      x  500. 

Fig.  5.  Three  germinating  carpospores  showing  gelatinous  coats  of  cellulose 
arranged  concentrically,  b^  two-celled  stage  of  germinatioa.  c  and  d,  more 
advanced  and  showing  apical  growth,     x  500. 

Fig.  6.  Carpospore  four  days  old.  b^  a,  c^  are  the  cells  which  are  to  produce 
the  foliar  portion,  and  1^  the  cell  which  is  to  develop  the  holdfiist  portion  of  the 
plant     X  500. 

Fig.  7.  A  tetraspore  eight  da3rs  after  beginning  to  germinate.  A,  a  filamentous 
holdfast  f,  the  longitudinally  arranged  chromatophores,  and  v,  the  vacuoles. 
X500. 

Fig.  8.  Transverse  section  of  a  cluster  of  antheridia.  d,  a  mother-spermatium- 
cell  with  the  protoplasm  collected  in  its  distal  end.  </*,  showing  the  separation 
of  the  young  antherozoid.  f,  more  advanced,  and  c^  a  young  antherozoid  with 
shining  granular  contents  completely  separated  from  mother-celL  (Haematozylin 
preparation.)     xX2oa 

Fig.  9.  Surface-view  of  a  patch  of  young  antheridia  (aif).     x  325. 

Fig.  xo.  Portion  of  the  marginal  region  of  a  young  female  frx)nd  showing 
a  three-celled  cystocarp  which  is  developing  apically  from  a  modified  vegetative 
cell.     X  220. 

Figs.  1 1  and  1 2  show  more  advanced  stages  of  Fig.  10.     x  aao. 
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F^.  13.  A  vaaiMat''Tktrm  of  a  foung  cyitocwp  ihowing  the  tricbogrnt  {i)  aad 
tW  spicml  cell  («)  corropoiKUiig  to  «  of  Figs,  ii  and  1 1.      x  aao. 

FIf.  14.  Tramvcnc  tedioo  of  a  yoaag  qrMocarp  borne  oo  a  proUferatioo. 
lir.  trichofjBc.  i,  the  knee-like  projection  at  the  base  of  the  tncbogjne. 
#,  collectioQ  of  Bacteria  aboot  the  diiiotegrating  apex  of  the  trichogyne.  «,  the 
carpofooiom.  /^,  the  open  pore  conncctiog  the  £irtiUzed  carpogooinm  with  its 
hjrpocynal  cell.  <  the  joiot-thalliiaKxll  which  gives  rite  to  the  procarpiinn. 
i-,  corneal  tittiie  in  the  pericarpic  region  of  the  yoong  cystocarp.     x  440. 

Fig.  15.  Trancrene  tectioa  of  a  young  cyttocarp  showing  the  joint-thallna-cell 
>  which  giTcs  riie  to  the  procarpic  branch,  ir^  twitted  trichogyne.  «,  carpo- 
gooiam.    Mi  and  Mf*,  two  aaailiary  cclU.      X44a 

Fig.  16.  T*»e  gronp  of  Bve  aojuliary  cells  which  characterixet  erery  yonng 
cystocarp.  /.  pit-like  amneiions  a,  the  thallns-cell  which  gives  rise  to  the 
pfooarpac  branch  and,  subsequently  to  fertilixation  ol  the  carpogonlnniy  receives 
Its  iertilijed  contents.  ««,  nadens  which  appears  distinctly  in  these  cells,  d^ 
daaghtcr-crll  from  the  centrd  amxiliary  cell  v«)>     x  7S5- 

lig  17.  Transverse  icctioo  of  a  proliferation  vrhich  bears  a  yoong  cystocarp 
havttg  two  tTKhogynca.  ^,  a  branched  trichogyne.  a,  carpogoniom.  k^  the 
knce-like  growth  on  the  trichogyne  tr,      x  800. 

Fig.  18.  Tortioo  of  a  transverse  section  of  a  young  cystocarp.  «,  central 
aaAdiary  cell,  t,  >,  and  5,  coapanion^oxiliary  cells  d^  daoghter^cell  prodndng 
aa  oobUttrmafilanaent  and  a  papilla  of  densely  proCoplasodc  cells  from  which 
■Mst  of  the  oobUstema-61aments  develop.  The  cleavage  plane  in  these  cells 
tA  the  pspilla  is  very  irregular,  pi,  protoplasmic  pits  connecting  adjacent 
•poftlrrutts  otila.  sf^  sterile  filaments  connecting  the  basal  cortical  portion 
ol  the  cvstocar|i  to  the  inner  branch<elU  (//)  of  the  pericarp  (/r).      x  795. 

Fig.  t^.  Aa  optical  section  of  a  proliiermtion  which  hat  a  yoimg  cystocarp  with 
two  trKhogynes  cHaematoxylin  preparation),  a  and  «*,  two  antheroroids  in 
oontatt  with  the  trichogyne.  h,  a  »troogly  stained  body  in  the  protoplasmic 
ctmtcntt  fiif  t^e  trKhogynr       x  440. 

^t£  >o  Trmnttrne  srctiim  dk  a  yonng  cy>tocarp  in  the  plane  mm  of  Fig.  16. 
m  \t.r  ;"U)t-thAlla*  vrll  whuh  \k%.x\  the  (iroairi>tum  and  receives  the  ferttlited 
cr.'rt.'t  tf  1*%  car{«i|;oniuro.  i,  an  op(<r,  ami  A.  a  K>wer  daughter  cell  of  the 
OM/hrr  ^ri;    a      .  ha*  dr%Tl(>{tr<l  iH«bla»tcma-tilarocnt»  //.     1  and  i  are  companioo 

^i£  J  I.  <  Mih'^url;  tran««rrtc  «rv.tiun  of  a  yoon|;  criktocarp.  <r.  central  aoiiliary 
cri;  J,  the  utjcr  (lau|*htcr-ceU  (ri»ro  the  mother-cell  a-,  /a,  the  oblK^oely 
<W-«r'.  r;<r<t  \<^\  lla  of  vell»  frc>m  which  the  o(>Ma%tema  tUament*  develop  /i, 
jf«'  I  lAAjnov  pi.  /',  acnle  t:lAmer.ts  cocmectmu  the  \i^sa\  lortlcal  re|pon  (4  of 
fV  .»a.«.ax]   wjth  it»  f«er»c*rj»    /'  .       x  V». 

^i^.  II  I  rafitvervr  secti'm  kA  a  panully  matorr  CTi>tncaq>  showing  chatnt  of 
laattirr  rar;«*«'«irrt  .f  <«}  ooe  %x\\c  an<I  half  mature  .7'  on  the  other  ftide. 
tf  %,X't\\r  fUn»mt»  c€jorw<LtLn|«  the  liatal  cortical  tis*ue  ti>  the  doulile*walled 
I^T^a*;  .  ■  '.  car|«4iti>me  f<irmnl  t>]t  the  fturToun«l>t.4^  trrmmal  cells  of  the  pen> 
ear;  \a\  ?  lam^-r.!*        ■  t  j( 

\  \^  %l  r'>rti<«  of  the  !ran*ver%r  •rxtmn  ^^f  the  (apillary  celU  «tth  marginal 
<«H»  m  fr<-m  whuh  tftf'rtferou*  hlamentt  dr%el<«{>.  .,  )i»ung  carfxH^tofe  ati«tnct- 
ir^  avrr^«1atl«      /,  j  rtKo;;  laamu  ptt.       «  440. 

li^    J4    Otlwftar  trvtioo  thr'iigh  the  l^isal  rripoo  kA  the  cYUouup.     a,  central 


28         Brannon. — Grinnellia  americana^  Harv, 

auxiliary  cell  with  companion-auxiliary  cells  (i,  3,  and  a).  </,  upper  daughter- 
cell  bearing  the  ooblastema-filamenti  {sf)  which  develop  whorls  of  sporiferous 
filaments  from  central  cells  in  the  chain,  /t,  protoplasmic  pits,  rft  sterile 
filament  which  develops  from  one  of  the  auxiliary  cells  surrounding  the  central 
one  of  the  auxiliary  group,     x  735. 

Fig.  35.  A  somewhat  lat-^r  stage  of  the  auxiliary  cells  than  that  shown  in 
Fig.  x6.  ofy  ooblastema-filament.  pa^  papilla  from  which  other  ooblastema- 
filaments  are  to  develop,     x  735. 

Fig.  36.  Transverse  section  of  a  semi-mature  cystocarp.  sp^  dichotomous 
sporiferous  filaments  which  are  abstricting  young  carpospores  {c)  from  their  outer 
ends,  cpy  elliptical  half  mature  carpospores.  m,  mature  carpospores  which  were 
separated  from  their  parent  sporiferous  filaments  and  remained  in  the  c3rstocarpic 
cavity  of  the  sectioned  body,  d,  portion  of  the  upper  daughter-cell  from  the 
central  auxiliary  cell  (a),  pa^  papilla  of  cells  which  developed  from  the  daughter- 
cell  (</).    sf^  sterile  filaments,  and/,  protoplasmic  pits,     x  735. 

All  figures  were  drawn  by  the  author.  The  third  figure  was  drawn  from  an 
herbarium  specimen.  All  the  others  were  drawn  with  the  aid  of  the  camera 
Indda  from  preparations  of  fresh  material. 
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The  Evolution  of  Heat  by  Wounded  Plants. 

nv 
UKRBF.RT  MAULE  RICHARDS. 

With  Woodcuts  I  and  a. 


THK  ca(>ability  of  plants  to  respond  by  increased  vital 
activitic>  to  different  forms  of  injur>'  is  a  fact  which 
is  ucll  rccogni/et!,  although  the  attending  phenomena  have 
not  in  all  cases  l>een  thoroughly  investigated.  It  is  not 
diffiCiilt  to  enumerate  a  numl>er  of  instances  where,  in  quite 
ch>^imilar  uavs.  a  definite  reaction  towards  abnormal  condi- 
li«in>  has  btx-n  observeil  There  may  be  mentioned,  for 
instant  c.  thr  loriD.ition  <»f  c.illus  and  «>f  corky  tissue,  wliich 
f'I!-A,  \r.'.ity,  *>t  th<-  abnoiind  ;^jrt>\vths  ut  tissue  attending 
the  :rrit.i!.  ri  imU'»((I  by  anim.il  par.i»*itt  s  '^.iINl  nr  l)y  para»*itic 
|-  .in.'i.  In  m:-  h  la^t  s  tlu-  rvidt  ncrs  <»f  umisual  activitv  on  the 
part  ni  \hr  ]»!ai.t  ii  *«h"\\  r)  III  the  ni<>rphnIojjical  ditTcrencrs  of 
th«  af:V' tfi!  t:^^ijf.  Ir«'m  an  eiitiiely  ditVcTrnt  standpoint, 
th.it  '  !  the  stimulus  Ml  thr  iiidin.iT\"  fiiruti«nis  of  tlie  cells 
thtt::s<'.-. »  s,  thr  u..rk  ot"  H.iiiptflriM  h  *  affords  inleiestin^; 
r\i  Icr.vf  It  .ii»ptarH  fi«»in  hi-*  ol>srrvati' -fi-^  tlial  the  fnove- 
nu  r*.:  *•(  pi. it' -p. asm  !•»  .tictUratid  t«»  .m  unw^-ntrd  dej^jrce 
bv  iniurv  t»»  at!"inin;'  irll'.  In  N«»r]U'  plants,  wlure  unti<  r 
oriiinarx'    C"ni!iti'>ns    n<i   motion    iN    olisrrvabU-    [^'•\.\-    /•./♦'«/r'«i. 

.AaMtoul»«<«ay.Vol  XJ  If  o.  XU.  H«fcli.  lt«7  ! 
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Vallisneria\  a  marked  streaming  is  seen  after  injury  to 
neighbouring  parts.  But  in  relation  to  the  subject  of  this 
paper,  the  effect  of  injury  or  other  abnormal  conditions  on 
the  functions  of  the  plant  as  a  whole  is  of  particular  interest. 
One  of  the  best  measures  of  increased  activity  of  a  plant  is 
found  in  the  intensity  of  the  respiration ;  and  this  last  has 
been  determined,  under  a  variety  of  irritating  influences,  to  be 
temporarily  considerably  above  the  normal.  For  instance, 
under  exposure  to  the  vapour  of  chloroform  or  ether  ^,  or  to 
various  gases  in  increased  or  diminished  pressure '',  and  also 
after  wounding  ^  the  CO^-production  rises  markedly,  and  in 
the  last-mentioned  case  at  least  subsequently  falls  to  the 
normal. 

It  would  seem  then  possible  that  all  this  extra  work  which 
is  done  under  the  stimulus  of  irritation,  would  necessitate  a  rise 
in  the  temperature  of  the  affected  parts.  So  it  was  suggested 
to  the  writer  during  his  work  on  the  respiration  of  injured 
plants,  and  so  also  had  Pfeffer  forecast  the  possibility  of  an 
increase  in  the  temperature  of  plants  through  wounding^. 
To  measure  any  rise  of  temperature  on  the  wound-surface 
itself,  it  is  of  course  quite  impossible  to  employ  a  ther- 
mometer; instead  of  which  a  thermo-element,  of  which  a 
description  will  be  given  later,  was  used.  The  results  of 
the  experiments  attained  by  this  method,  and  also  on  a  large 
scale  with  a  rough  calorimeter,  were  sufficiently  successful  to 
warrant  an  account  of  them.  The  writer  has  again  to  thank 
Professor  Pfeffer  very  much  for  his  advice  and  criticism,  and 
for  the  facilities  afforded  in  the  laboratory.  In  this  place  also 
the  writer  would  express  his  obligation  to  Dr.  Giessler,  one 
of  the  assistants  in  the  Botanical  Institute  at  Leipzig,  whose 
invaluable  assistance,  in  the  many  operations  which  required 
two  persons  to  carry  out,  contributed  greatly  to  the  success 
of  the  work. 

*  Elfving,  Ofvenigt  af  Finska  Vetensk-Soc  Forhandlingar,  Vol.  UTiii,  1886. 

*  Johannsen,  Untersach.  Tiibingen,  I.  686.— Stich.  Flora,  1891,  p.  i. 

*  Richards,  Respiration  of  Wounded  Plants,  Ann.  of  Bot,  Vol.  x,  p.  532,  1896. 

*  Stodien  znr  Energetik  der  Pflanze,  189a,  footnote  a,  p.  301. 
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It  should  be  understood  at  the  outset  that  the  results  herein 
recorded  should  be  taken  as  no  more  than  a  qualitative,  and 
not  as  a  quantitative,  determination  of  the  heat  produced  by 
injured  plants.  The  object  of  the  research  was,  in  the  first 
place,  to  establish  the  fact  of  a  rise  in  temperature,  if  any, 
following  the  wounding  of  plant-tissues ;  and  in  the  second 
place  to  determine  the  cur\'e  of  the  change  of  temperature. 
While  all  passible  pains  were  taken  to  shut  out,  in  so  far  as 
could  be,  any  sources  of  error,  the  extreme  accuracy  of 
RodcH-ald's  *  quantitative  research  was  not  so  necessary. 

As  regards  the  apparatus  and  methods  used,  the  thermo- 
electric element,  in  connexion  with  a  mirror-galvanometer, 
was,  as  has  already  been  hinted,  mainly  employed.  The 
bolomctric  meth<Ki  was  not  used,  since  the  former  means 
proved  sufficient  for  the  purposes  desired.  A  simple  thermo* 
clement  similar  to  the  form  used  by  Dutrochet*,  was  the  one 
selected.  Such  a  single  element  is  by  no  means  so  delicate 
as  is  a  batter)'  of  twelve  or  thirty-six,  such  as  Rodewald' 
employed,  but  it  proved  sensitive  enough,  and  was  more 
advantageous,  since  the  wound  made  by  the  element  in  the 
tissue  under  experimentation  was  reduced  to  a  minimum. 
Such  an  clement  consists  of  two  pieces  of  soft  iron  wire 
connected  by  a  bow  of  German-silver  wire,  the  points  of 
Contact  beinjj  voMcTrd  !)y  means  of  silver.  The  free  ends 
nf  the  iron  uircs  an*  omnrcted  l>y  incins  of  himlinj^  screws 
to  the  wires  from  tlie  jjalvanoimter.  Tlic  precise  f«»rm  of  the 
|>i»ints  of  lliis  therrno  <'lectric  nceiile  was  only  determined  by 
exj>cr;mrnt  At  first  sliarp  ner<ile-|H)inis  were  trieil,  but 
pro\rd  inrffcrtivr  l««r  the  ptir|Htse  in  hand,  since  they  freed 
ih'-ni'.rlvfs  ti>o  easily  from  the  tissue  in  which  they  were 
im(>rddrd.  It  \\as  found  that  s|>;itulate  ]m tints,  the  idea  of 
UMH^  which  was  ol)t.iitu-d  from  StahP,  were  prcfer.iblc.  alTord- 
in^'  as  thry  do  a  tinner  hold  in  the  pLuit.  and  aNo  a  Iarv;er 

'  I  rir.^*u*  riUi.   USr!    ,  tonlr  \\\\\,  y    i^  \  .    tii.  y    Jil  .    ti.  |i    J^| 

*  \r-r.»Iri    *t%  S  irr..  r«  Na'uirllr*  \VA  ,    r«ii»r  till,  s»cilc  j.  y    5  rt  tr-j 

*  Trinft    |«'*i!   .  tttii  i  i«ui.  )>.  j^^. 

*  s<A'.l.  Ar-n    '!«  f«M!iii  tu*i    .lr  Huilrninri*.  Vul    tin.  |i   MJ 
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surface  upon  which  the  warmth  may  act.  An  element  of 
this  form,  made  out  of  iron  wire  of  about  i  mm.  and  German- 
silver  wire  of  about  75  mm.  in  thickness,  beaten  out  to  form 
points  about  6  mm.  in  width  at  the  widest  point,  was  the  one 
employed  (see  woodcut).  Before  use  care  was  taken  that  it 
should  be  thoroughly  coated  with  shellac  to  protect  it  from 
possible  chemical  action,  and  a  large  part  of  the  element, 
where  it  would  be  likely  to  come  in  contact  with  the  hands 
or  other  outside  object,  was  covered  with  thick  strips  of  cork 
cemented  on  with  sealing-wax. 


Woodcut  I. 

Diagram  of  the  thenno-electric  element  employed  ;  somewhat  reduced.  The 
shaded  portioQ  and  the  outer  straight  wires  are  of  iron  :  the  inner  bow  of  German- 
silver. 

The  galvanometer  was  one  of  the  usual  mirror-type,  with 
scale  and  telescope,  of  which  no  especial  description  is  neces- 
sary. The  distance  of  the  scale  and  telescope  from  the 
galvanometer  itself  was  about  a«5  metres,  but  the  telescope 
was  sufficiently  powerful  to  make  each  division  of  the  scale 
appear  as  much  as  3  millimetres  across,  so  that  a  quarter  or 
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even  a  fifth  of  one  division  could  be  read  with  ease.  There 
are  many  sources  of  error  in  the  use  of  this  instrument  which 
require  great  precautions  to  exclude :  all  due  care  was  taken 
to  do  so  in  so  far  as  they  might  influence  the  work  in  hand. 
The  galvanometer  was  naturally  exceedingly  sensitive  to 
masses  of  iron;  hence,  so  far  as  possible,  all  iron  objects, 
particularly  movable  ones,  were  removed  from  the  room. 
Another  necessity  is  that  the  room  in  which  the  experiments 
are  being  carried  on  should  be  of  constant  or  nearly  constant 
temperature.  This,  together  with  a  no  less  important  condi- 
tion, that  of  a  perfectly  solid  foundation  for  the  instruments, 
was  realized  in  the  room  in  which  these  ex{)eriments  were 
performed ;  where  the  temperature  remained  for  the  most 
part  exceedingly  equable,  within  a  few  tenths  of  a  degree, 
and  the  cement  floor  being  directly  on  the  ground,  was  quite 
free  from  vibration.  The  thermometer  on  the  level  of  the 
table  where  all  the  plants  were  kept,  registered  a  little  over 
24  C.  For  rendering  the  galvanometer  iistatic.  a  bar-magnet 
was  used  and  so  arranged  that  the  obsener  at  the  teIesco|)e 
could  alter  its  position  and  thus  contri»l  the  zero-pf)int.  The 
change  of  the  declination  of  the  magnet  of  the  galvanometer, 
due  to  the  earth  s  magnetism,  could  not  be  disregarded  ;  hence 
before  e.ich  ob>crvation  a  zcro-|x>int  was  established  by  cutting 
out  the  tlirrino-clt  iiicnt  from  the  circuit  with  an  onliii.iry 
nufc  :TV  i"inimilal«'r. 

In  till-  u-c*  (»i  the  l!uTiHi»-t*lci  trie  iliincnl  K'uU-waKI'  gives 
a  iuinit>cr  cf  j'ti  v.uiti<>nN  .i:;ainst  rir<>rs.  wliiih  ui  ri*  li)ll«>\\cd 
in  M>  Lir  a>  lu-ic^N.iry  in  lliis  woik.  Tlu-  most  iin])<»rtaiU  i^ 
ihc  C"inplctr  ifiNu!.4ti<»n  »il  tlic  cUincnl  !»y  mc.ins  i»l  .m  ivru, 
bu!  n-'t  l"«>  tliuk.  c<Mt  \A  li.inl  sht-ll.ic.  v\hi\.h  at  the  s.iine 
liiMf  MTvrN  ti>  |'I«'ImI  the  mrl.tl  fi«iin  tlu-  ilicnuL.iI  aiti«»n  of 
the  j^:uf*«  of  the  {>].tnt  A  i.iieliil  w.it^ll  was  kept  tn  ^ee  tliat 
\\\v  ^hrllai  i'Mt'.iii'  altNavs  iiin.iiiictl  ititait,  aiiM  vriv  trt> 
(|..r!i!!y  til'  <-!(  tnrnt  wan  wailic  1  clean  mv\  ir  lavkcil.  The 
bini!iri^-si  rcw9  wlist^h  connect  tlu*  intn  wiie*«  «>t  llie  clement 
%ki!h  \\\r  (.t.jijHr   wiii-^  cininj;   t!*»in    the    ;;aivan->ni<  ter   were 

'     '.  I  Mil.    I'      J^  I 
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another  source  of  trouble,  since  any  disturbance  of  their 
constancy  of  temperature  was  followed  by  uncertain  deflections 
of  the  galvanometer.  Finally,  however,  they  were  encased  in 
cork,  which  was  found  to  thoroughly  protect  them  from 
outside  influences.  As  has  already  been  said,  a  large  portion 
of  the  element  itself  was  also  protected  with  cork  and  sealing- 
wax.  The  above  are  the  most  weighty  sources  of  error  as 
r^ards  the  galvanometer  and  the  thermo-electric  element; 
in  the  actual  experiments  on  living  plants  there  are  other 
precautions  to  be  taken,  of  which  more  will  be  said  later. 

Frequent  experiments  established  the  fact  that,  with  the 
scale  used  and  at  the  distance  at  which  it  was  placed  from 
the  mirror,  one  division  had  the  value  of  0*07**  C.  It  was 
found  for  the  purpose  desired  that  water  of  different  tempera- 
tures, measured  by  standard  normal  thermometers,  was  as 
accurate  as  a  more  complicated  apparatus  with  oil.  Alcohol 
was  also  used,  and  the  results  obtained  thereby  agreed  with 
the  determinations  made  with  water.  In  the  experiments 
which  will  be  found  given  at  the  end  of  this  paper,  one 
division  of  the  galvanometer  scale  is  taken  then  as  the 
equivalent  of  o«o7**. 

In  the  manipulation  of  the  plants  under  experimentation, 
there  are  also  many  precautions  to  be  taken  against  possible 
errors.  In  the  first  place  the  plants  must  be  kept  in  an 
atmosphere  saturated  with  moisture,  both  to  prevent  their 
withering  and  also  to  avoid  changes  of  temperature  due  to 
evaporation  from  the  cut  surfaces  of  the  injured  plant.  It  is 
also  necessary  that  they  should  have  acquired  the  temperature 
of  the  warm  room.  A  day  or  two  was  always  allowed  before 
the  plants  brought  into  the  warm  room  were  used.  Another 
point  which  is  exceedingly  important  is  the  placing  of  the 
thermo-needlcs  in  the  objects.  When  the  needle  is  thrust  too 
much  into  that  portion  of  the  wound  which  gapes  open, 
naturally  little  or  no  effect  is  observed ;  but  when  it  is  properly 
arranged  near  the  base  of  the  cut  where  the  sides  come 
together,  the  needle-point  receives  the  full  influence  of  both 
the  cut  surfaces.     The  latter  method  was  always  practised. 
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with  the  exception  of  a  few  cases  where  the  wound  gaped  so 
widely  that  it  was  impossible ;  under  which  circumstances  the 
needle  was  stuck  into  the  tissue  directly  behind  the  cut.  Why 
this  latter  was  not  always  dime  will  be  explained  in  a  fol- 
lowing paragraph.  It  is  unfortunately  impossible  to  obtain 
the  necessary  comparison  of  temperature  between  the  injured 
and  uninjured  p.irts  without  inserting  the  needle  into  the 
latter  as  well  as  the  former,  and  thereby  wounding  it  slightly. 
The  wound  is  slight,  however,  and  as  oxygen  of  the  air  can 
scarcely  gain  access  around  the  needle  thus  introduced,  the 
difference  is  not  so  important  as  it  would  seem.  The  error, 
loo.  if  any,  would  tend  to  counteract  the  effect  of  the  intended 
wound  in  the  injured  part  and  hence  in  a  qualitative  deter- 
mination such  as  this  is  not  serious,  especially  since  all  the 
objects  ex|>erimented  with  were  treated  in  the  same  manner. 
In  order  to  ensure  absolute  certainty  that  the  injur}'  purposely 
inflicted  would  not  influence  both  needle-points,  two  objects 
were  uscil  (e.g.  two  iK)tatoes)  which  are  here  always  referred 
to  as  the  uninjured  and  injured  objects.  It  was  found  by 
re2>eate<l  cx]>eriments  that  \\\^  various  |)lants  used,  if  they 
were  of  the  same  age  and  had  presumably  been  kept  under 
the  samr  conditions,  never  varied  appreciably  in  tcmj>erature 
in  thr  un  njuri'cl  condition.  Without  going  further  into  the 
<!c  -wijaioi)  <if  thr  in.inii»ul:ilions  \\i^\\%:  lhroii.;h,  il  is  suttuienl 
to  rtjK'.it  that  thr  vari«»u^  objects  invrsti^attul  urrc  treated  in 
a.i  ivarlv  as  nii 'ht  hr  thr  s.inic  inaiuicr.  and  anv  cirors 
ar  ijiin;.;  llun  liy  lar^;«  ly  c«|u  ili/<d  ;  whii  h  it  will  be  appreciated 
Is  thr  iiio.si  iin|>oftanl  (lrsi,!Mat\ini  in  .1  piiri'ly  qualittttix^f 
d<  t«Trn:nat:on  1  he  uiilrr  ici'^rii/rs,  of  cour-»c,  that  \}\ 
\  tju  vttitAtt:  f  <  stiir..t!ion  of  the  amount  of  heat  pHMhuctl  a 
rn'.iih  finrr  d«  ^wn-  «.t  av<  ina«  y  woulil  be  i(<|iiirrd.  .siu  h  as 
k."*r\\a!«!  '  rin|»I'>\  I'd  \\\  his  adtnirablc  resc.irchr*; 

.\s  a  ioi.tf"!  f«»i  th«'  tlicrnjo  tic i  trie  incth  cl.  a  series  of 
r\jKrnn«nts  umc*  j.iiruMl  oii  with  a  snni»lr  I-  rm  •»!  a  lalori- 
mrt«T,  by  whivh  the  t<  in|KTaturi*-iUrvr  «»f  a  mass  of  plants 
t    u!d   U-   drtcTininrd      The   results   were  of  a   confirmatory 
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nature.  The  apparatus  consisted  simply  of  two  bell-glasses 
of  about  li  litres  capacity,  protected  all  around  with  a  thick 
layer  of  cotton- wadding.  The  bell-glasses  were  "also  supplied 
with  thermometers,  which  had  previously  been  compared,  and 
a  small  aperture,  loosely  stopped  with  a  bit  of  cotton  to 
prevent  any  rapid  circulation,  was  provided  for  the  admission 
of  air.  Inside  the  bell-glasses  were  also  dishes  of  KOH  for 
the  absorption  of  the  CO2  respired,  and  above  these  the  plants 
were  supported.  After  filling  both  of  the  bell-glasses,  a  day 
was  allowed  for  them  to  become  equalized  in  temperature. 
If  readings  taken  in  the  evening  and  again  the  next 
morning  both  showed  no  difference  between  the  two  bell- 
glasses,  the  plants  in  one  of  them  were  cut  and  then  returned 
as  quickly  as  possible.  After  this  the  difference  between  the 
temperatures  in  the  two  bell-glasses  registered  the  effect  of 
the  injury,  and  readings  taken  from  hour  to  hour  showed  the 
curve.  It  is  unnecessary  to  say  that  these  experiments  were 
carried  on  in  the  room  the  temperature  of  which  only  on  one 
or  two  occasions  varied  within  a  few  tenths  of  a  degree.  The 
difference  in  the  temperatures  between  some  of  the  experi- 
ments is  due  to  a  difference  in  location  of  the  bell-glasses. 
When  on  a  higher  level  they  were  naturally  somewhat  warmer. 
For  this  reason  the  thermometers  were  carefully  adjusted  to 
the  same  level  and  never  moved  during  the  course  of  any  one 
experiment.  The  amount  of  heat  arising  from  the  absorption 
of  the  CO2  by  the  KOH  was  not  regarded,  although  of  course 
it  was  greater  in  the  injured  than  in  the  uninjured  plants. 
But  this  is  counterbalanced  by  the  fact  that  the  warmer  bell- 
glass  must  also  lose  more  by  radiation  than  the  cooler. 
The  apparatus  was  not  intended  to  be  more  than  approxi- 
mately accurate,  and  the  application  of  such  corrections 
would  not  be  worth  while  for  the  results  required. 

Although  potatoes  were  used  more  than  any  other  plant,  a 
variety  of  others  representing  different  sorts  of  tissue  were 
experimented  with.  But  potatoes  were  more  convenient, 
and  also  had  the  great  advantage  of  resisting  the  attacks  of 
fungi  better  than   anything   else.     The  writer  had  also  ex- 
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perimcntcd  with  them  in  regard  to  their  respiration  in  the 
injured  condition,  and  it  was  desirable  to  be  able  to  compare 
the  results  of  this  with  those  of  the  previous  investigation. 
The  experiments  with  potatoes  will,  then,  be  first  taken  up. 

It  was  never  found  that  there  was  any  difference  in  tempera- 
ture between   the   cut  surfaces  and  the  uninjured  potato 
immediately  after  injury;  it  was  not  until  the  second  obser- 
vation was  made,  usually  some  two  hours  after  wounding, 
that  any  indication  of  increasing  warmth  in  the  injured  plant 
was  noticeable.    The  amount  of  increase  was  not  found  to  be 
great  at  this  time,  being  only  about  007^  C,  but  there  is  a 
steady  increase  after  this.    That  there  should  be  no  sudden 
increase  immediately  after  injury  is  to  be  expected.    The 
cause  of  the  large  CO,-production  at  this  time  has  been 
shown '  to  be  a  physical  one.    The  maximum  temperature  is 
not  reached  until  some  twenty-four  hours  after  injury,  a  period 
corresponding  to  that  of  the  respiration-intensity.    As  might 
be  expected,  there  is  some  range  of  variation  in  the  reaction 
of  individual  potatoes.    Many  things  might  lead  to  differences : 
as,  for  instance,  a  difference  in  the  metabolic  activity  due  to 
different  age.     It  was  usually  found,  however,  that  potatoes 
procured  at  the  same  time,  i.e.  which  had  presumably  been 
gathered  simultaneously  and  kept  under  the  same  conditions, 
gave   prrlly   uniform    results.     The   difTcrcncc   lictwcen   old 
pcitatcKS  <if  the  prcvioUH  year  and  new  ones  was  niarkci!,  as 
will  be  discusMrci  a  little  later.     One  source  of  ernir  which 
wa%  to  l>c  guarded  against  was  the  use  of  unhealthy  |K>tatocH. 
It  was  found    that   sonietimes  |)«>tatoes  \\\\\\   only   a    small 
rotten  H|iot.  nhich  had  no  influence  on  the  (general  teni|>crature 
uf  the  tuber,  would  further  rot  in  the  warm,  moist  atmosphere 
in  uhich  they  were   kept,  until  the  decayed   |)ortion  would 
affcit  the  tem|>erature  of  almost  the  uliole  potato.     This  is 
liaMicularly  inNidious  in  that  the  increase  of  tem|»erature  fiom 
the  rottini^  of  the  |H>t.ito  wouKI  simulate  the  li^e  following 
injury.     Sever.il    «^eries  weie  tii»caided    fi>r  this   reason,  and 
great   lare  uan    taken    tt>  ha\e  none  but   healthy   |iotatocs. 

*  IlKlUfilft,  kr»|  iraiUiii  ui  Wtnimlctl  I'UnU,  Ann.  Ihiiuiy,  Vul.  t.  p  544.  H^fA- 
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After  an  experiment  was  completed,  the  tubers  were  cut 
in  pieces  and  examined  for  any  decayed  spots.  The  surfaces 
of  the  wounds  made  in  the  potatoes  never  showed  any  signs 
of  decay,  presenting  only  the  layer  of  corky  tissue,  quite 
dry  and  hard,  over  the  surface. 

The  highest  maximum  ever  noted  was  a  temperature- 
difference  of  the  injured  and  uninjured  potatoes  of  almost 
0'4*'  C.  The  return  to  the  normal  temperature  after  the 
maximum  is  slower  than  the  ascending  curve.  There  is 
a  distinct  drop  in  the  temperature  a  few  hours  after  the 
maximum,  followed  by  a  much  slower  decrease ;  until,  by 
the  fourth  or  fifth  day  after  the  injury  was  inflicted,  no 
difference  was  to  be  determined  with  the  apparatus  used. 
The  actual  rise  in  temperature  is  not,  of  course,  so  very  much  ; 
but  when  the  normal  temperature  of  potatoes  in  relation  to 
the  surrounding  medium  is  considered,  it  is  not  to  be  despised. 
Repeated  experiments  showed  that  at  the  temperature  of  the 
warm  room,  namely  about  24°  C,  old  potatoes  of  the  previous 
year  showed  a  difference  between  the  living  and  dead  tissue 
of  o*i6*  C.  In  new  potatoes  only  recently  out  of  the  ground, 
the  plus  temperature  under  the  same  conditions  of  temperature 
and  moisture  was  somewhat  lower,  viz.  0-13°  C.  That  the 
old  potatoes  have  a  higher  temperature  than  the  new  ones 
is  not  remarkable,  since  the  former  are  just  emerging  from 
their  resting  period,  while  the  latter  are  just  entering  a  period 
of  quiescence  where  the  metabolic  activity  is  naturally  low. 
A  similar  difference  was  found  in  the  reaction  to  injury  where 
the  young  potatoes  did  not  respond  so  actively  to  the 
stimulation  of  the  wound  (compare  Expts.  7,  9,  and  10). 

The  relation  which  the  rise  of  temperature  bears  to  the 
increased  respiratory  activity  after  injury  is  naturally  not  to 
be  directly  estimated ;  since  in  this  case  the  local  warmth 
only  is  measured,  while  in  the  experiments  on  respiration  it 
was  the  total  effect  which  was  determined.  Approximately 
speaking,  the  temperature  directly  on  the  surface  of  a  wound, 
or  just  below  it,  at  the  time  of  its  maximum  is  about  twice 
as  great  as  the  normal  plus  temperature  of  a  living  over 
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a  dead  potato.  Thus  the  temperature  of  a  living  uninjured 
potato  being  0-17^  C.  over  that  of  the  surrounding  objects,  the 
temperature  on  the  cut  surface  of  a  wounded  potato  will  at 
its  maximum  be  from  o-io*"  C  to  0'25'  C  higher  than  that  of 
the  uninjured  plant.  Hut  it  must  be  remembered  that 
in  these  conclusions  no  allowance  has  been  made  either  for 
the  conduction  of  heat  by  the  tissue  of  the  potato  itself  or  for 
radiation  into  the  air,  which  must,  of  course,  amount  to  some- 
thing and  must  increase  as  the  temperature  of  the  tissue 
increases.  In  relation  to  this  point  and  also  the  other  regard- 
ing the  comparison  of  the  temperature  with  the  respiration, 
it  is  exceedingly  important  to  have  some  idea  of  how  far  the 
surrounding  tissue  of  the  potato  is  sympathetically  aflected 
in  the  increased  warmth  following  injury. 

It  will  be  seen  from  Experiments  11  and  12  that  the 
influence  of  the  wound  does  not  extend  very  far  back  from 
the  |>oint  of  irritation.  There  is  in  most  cases  a  very 
rapid  falling  oflf  at  a  distance  of  only  a  few  millimeters 
frum  the  wound  ;  and  at  a  distance  of  two  centimeters 
there  is  no  jKTCcptible  ditference.  It  is  evident,  then,  that 
the  real  heat-pro<)ucin^  processes  which  follow  injury  must 
be  tom|)arativrly  local,  for  the  conduction  of  heat  by  the 
ti^^uc  of  the  j)otat«>  n.ilurally  increases  the  distance  at 
which  a  IrrnjHi.itutc  dittrictui'  is  distiiii^uiNhahlr.  In  ortlrr 
t«»  tiblain  A  cli-.ircr  undtTst.iiulin^^  of  this  «juc-»tinii.  c\|KTi- 
fiKfits  wirr  in.ulr  l«»  dctcrniiiic  \\\  .ippn^ximatc  idf.i  <A  the 
Ci»n«!uetivity  of  potatn-tissuc  f««r  luMt.  Two  pMtat«>cs  in 
M-p.ir.ttr  vc-scK  \\cf«-  lull  biirinl  in  saiul  which  was  in  one  at 
t!u' tcnijKraturc  i»f  thr  air,  namely  -4-2  C".;  while  in  tlic  otluT 
It  wa>  kfpt  «iiirin,j  tiic*  titnr  o!  the  rx|KTinicnt  nearly  ten 
c!t  ^^r«  rs  lit^'ljrr.  'Ilur  ntrtllcs  wkxv  thru-^t  into  the  two 
|Mtat<>«*s  at  .1  ciistani  r  of  \,.  iTiin.  Ironi  tlu*  *^in!ai<*«»!  tlu*  sarwl, 
and  m  littrrn  in'f:utrs  thr  ^aKanoiiutrr  iiulivatnl  an  itu  nasc 
in  tri:i;<  ratiiif  «■!  thr  wanned  |>otat««  ain'-iintsn^;  to  .•:',  ('. 
liy  aii'ithrr  t\p«iMnrnt  it  was  also  l«»niu!  tliat  lw«»  potat«H*s 
nkhiih  ••h'-wctl  l»N  the  ^'.ilvanomctcr  a  cliMereiue  in  t<  inprratnre 
of  ailno^t  exactly  •   ^  .,  to«>k  fuc  and  a  half  hours  to  beci'inc 
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equalized,  being  kept  the  while  at  the  temperature  of  the 
cooler  of  the  two  potatoes,  namely  24* i°  C.  It  is  evident  from 
these  experiments  that  while  the  conductivity  of  the  tissue  for 
heat  may  not  be  very  rapid  in  comparison  with  other  bodies, 
it  is  not  to  be  disregarded.  Hence  it  is  not  too  much  to  say 
that  the  actual  heat-reaction  of  the  wound  itself  appears  less 
localized  than  it  in  reality  is.  It  is,  of  course,  impossible  to 
separate  these  two  factors,  the  actual  warmth  and  the  con- 
ducted warmth ;  but  having  found  that,  even  including  the 
latter,  the  tissue  does  not  seem  to  show  any  increase  in 
temperature  beyond  20  m.  from  the  wound,  it  is  safe  to  say 
that  the  actual  wound-reaction  is  probably  considerably  inside 
of  even  this. 

In  the  experiments  with  the  two  bell-glasses  packed  with 
cotton-wadding,  the  rise  in  temperature  caused  by  a  large  mass 
of  potatoes — 500-600  grams — may  be  plotted  on  a  curve  which 
has  much  the  same  course  as  that  determined  by  the  thermo- 
electric method  (see  Woodcut  2,  p.  63).  Naturally  it  is  not 
.  possible  to  compare  the  actual  temperatures  indicated  by  the 
two  methods,  for  neither  is  quantitative.  It  is  to  be  expected 
that  the  rise  indicated  by  a  large  mass  of  potatoes  should  be 
higher  than  that  obtained  from  a  single  tuber,  and  such  is  the 
case.  That,  as  measured  by  this  method,  it  should  be  pro- 
portionally greater  is  not  to  be  looked  for;  as  the  indirect 
way  of  measuring  the  heat  and  the  loss  by  radiation  gives  no 
accurate  knowledge  of  the  actual  amount  produced.  The 
method  is  of  value,  however,  in  that  in  the  two  bell-glasses 
are  two  equal  masses  of  potatoes  under  exactly  similar  con- 
ditions, except  that  in  one  they  are  injured  while  in  the  other 
they  are  normal.  The  rise  to  the  maximum  takes  some  twenty- 
four  hours  after  the  potatoes  have  been  cut  and  returned  to  the 
bell-glass,  and  is  about  0-9'*  C.  higher  than  the  temperature 
given  by  the  uninjured  potatoes,  the  latter  showing  ordinarily 
a  plus  temperature  of  0'4^  C.  above  that  of  the  surrounding  air. 
The  return  to  zero  of  difference  follows  in  the  course  of  a  few 
days.  Such  a  method  as  this,  if  strictly  followed  out  calori- 
metrically,  would  give  results  which  could  be  better  compared 
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with  the  experiments  made  on  respiration,  since  both  methods 
deal  with  the  total  reaction  on  masses  of  tissue  where  the 
eflcct  cannot  be  localized. 

None  of  the  other  plants  employed  were  investigated  so 
thoroughly  as  potatoes,  but  enough  to  show  that  they  too 
gave  a  distinct  temperature-reaction  after  injury.  Radishes 
were  experimented  with  once  or  twice,  and  showed,  in  so  far 
as  the  experiments  could  be  carried,  a  reaction  similar  to  that 
of  potatoes.  One  exixrrimcnt  with  the  bell-glasses  herein 
recorded  (Expt.  23)  remained  trustworthy  until  after  the 
maximum  had  been  reached,  but  later  it  had  to  be  abandoned 
as  the  radishes  began  to  decay.  The  same  trouble  occurred 
with  the  other  experiments,  and  for  this  reason  radishes  were 
no  longer  used.  It  was  difficult  at  the  time  of  year — June  and 
July  wlien  these  experiments  were  made,  to  obtain  carrots 
of  sufficient  size  for  use  ;  and  they  also  have  the  disadx'antage 
that  the  wounds  when  made  gafx;  o[)en  very  widely  after  a  few 
hours.  Nevertheless  a  series  was  successfully  fmishcd.  and 
shciwed  ver>'  much  the  same  results  as  those  obtained  with 
potatoes!,  although  the  temperature  was  lower  (Kxpt.  15). 
This  last  fact  may  {Hrrhaps  be  explained  by  the  circum- 
stance of  the  K^pi^K  ^^  ^^  wound,  which  thereby  allowed 
more  li^^s  of  heat  l>y  radiati(»n.  The  maximum  comes  at 
a  viiTiruh.ii  l.itrr  pcri«>(i.  and  thr  return  tn  normal  tcniiKTature 
v»ii)ruh.it  slower  than  \%itli  jM>lat<K.'s,  but  this  cnrrcs|xiiuls  with 
the  ri!i|>ir.il:<n-viirvr  pre\ii)UNly  (Iclciiniiui)  ^  In  the  Ik'U- 
^jlassrji  thr  hi^jhi  ^l  iii.ixiimim  ytt  inrnliomd  w.is  lnun*!.  Inking 
\'\\  (  .  (I-.x;it.  Jv*.  •»"*!  iis  ^^<^''l  the  hi^^hc^l  plus  tcinpiT.iturc 
\A  the  norm.il  ti>«*iie  u.in  tn(li(«itrii  bv  both  in(*th<u|s.  Hv  thr 
thc-tiiio  i*!(-ctru'  niftliiKi  whidi  (:ivcN  tlv  .utu.il  tcni{N*ratuic  \\{ 
jk  ^ip^'.t*  t.irrot.  It  u.tN  louiiti  uiult  r  n<>iinal  loiulitii^nsi  to  l>e 
ci  <  I.\j»t  I'l-.  It  will  !h-  iciiu'inbitcil  lh.it  the  n<trin.il 
rc*-p!r.it!*»!j  «»!*  i.irrots  i^  vciy  hij^h.  b<*in^;  alioui  1  ',  in^.  per 
h*«ui.  I  h«  •»\V'!ltii  sit  fu  tif  i!k'  K«)hl  Kabi  ■ /><ij»;««j  <  A'/./,  aj 
\ax    >,'««.;.i /•«/'» ',  .»n«!    tin    truit    t>f  tin-  (  iKuiubci,  al?*«»  j;.ivc 

'   1.)-.    11  :i.  I-.f  >,   r  1!.   n  1!  \\  "..nilf  •!  rUiit^.  1.  ..  I  &|-:».  I  4,  I  4 
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temperature-curves  with  the  thermo-electric  apparatus  (Expts. 
13, 14,  20),  but  were  not  tried  with  the  bell-glasses. 

Leaves  afforded  an  entirely  different  type  of  tissue.  Or- 
dinarily speaking  these  are  not  well  adapted  for  the  use  of 
a  thermo-element.  The  thick  leaves  of  Aloe  were  experi- 
mented with  in  this  way,  although  without  success ;  but  with 
onion-bulbs  very  interesting  results,  of  which  more  will  be 
said  later,  were  obtained.  With  the  bell-glasses  ordinary 
leaves  could  be  employed:  experiments  with  those  oi Lirio- 
dendron  and  Diervilla  gave  very  satisfactory  results  (Expts. 
24,  25).  The  maximum,  as  would  be  expected,  was  reached 
much  more  rapidly  than  with  massive  tissues.  In  four  and 
a  half  hours  the  injured  leaves,  in  the  case  of  Liriodendron^ 
were  0-75'*  C.  warmer  than  the  uninjured,  the  latter  showing 
an  average  temperature  of  about  0-4**  C.  over  that  of  the  air. 
By  the  next  day  there  was  little  difference,  and  that  speedily 
diminished  as  the  injured  leaves  died. 

Of  all  the  plants  investigated  onion-bulbs  gave  a  far  stronger 
reaction  than  any  other.  With  the  bell-glasses  the  average 
maximum  of  two  experiments  (Expts.  26  and  28)  was  3*3°  C. 
This  high  temperature  continued  for  some  time ;  and  it  was 
not  until  the  fifth  day  that  it  sank  again  to  the  normal  plus 
temperature  of  about  0*5°  C.  In  one  experiment  (Expt.  27) 
it  will  be  noticed  that  the  maximum  was  much  lower ;  but, 
at  the  same  time,  the  temperature  of  these  onions  in  the 
uninjured  state  was  very  much  higher  than  in  the  other  two 
experiments,  being  i'2°  C.  above  air-temperature.  This 
accounts  for  the  low  maximum  in  the  injured  condition, 
and  is  probably  to  be  explained  by  a  difference  in  metabolic 
activity  of  the  onions.  It  may  be  mentioned  that  the  onions 
used  in  this  experiment  did  not  come  from  the  same  source 
as  the  others.  With  the  thermo-element,  however  (Expts.  17 
and  19),  no  remarkably  high  temperature  was  detected  in 
the  cut,  or  rather  immediately  behind  it ;  since  in  onions  the 
wounds  gape  so  that  it  is  impossible  to  stick  the  needle 
advantageously  into  the  cut  itself.  This  fact  was  puzzling 
until,  by  subsequent  experiment,  it  was  found  that  the  whole 
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onion  is  more  or  less,  though  somewhat  irregularly,  affected, 
and  that  at  so  great  a  distance  as  45  mm.  from  the  wound 
a  temperature  of  o*\f  C.  over  that  of  the  uninjured  bulb  was 
found,  when  it  was  only  0*28  C.  in  the  wound  itself.  It  is, 
then,  easy  to  believe  that  the  small  onions  used  in  the  bell- 
glass  experiments,  and  injured  so  severely  as  by  quartering, 
should  give  a  comparatively  violent  reaction. 

From  the  above  discussion  of  the  results  of  the  experiments 
it  is  evident  that  there  is  a  distinct  temperature-reaction,  more 
or  less  variable,  which  manifests  itself  in  plants  after  injury. 
This  reaction  is  in  fact  a  fci'er,  if  one  may  use  the  term, 
brought  about  by  the  increased  vital  activities  of  the  wounded 
plants.  In  considering  the  significance  of  this  '  wound -fever  * 
one  should  also  bear  in  mind  the  other  phenomena  which 
attend  injur>'.  Attention  has  already  been  called  to  these  in 
the  intniduction  to  this  paper.  Uf  the  greatest  interest  is  the 
consideration  of  the  relation  which  the  increase  in  respiration 
bears  to  the  rise  in  temfK-rature.  The  respiration-curv'e  was*^ 
found  to  be  at  \\s  highest,  in  |>otatues  for  instance,  about  twenty- 
four  hourik  after  uoumling;  and  it  is  at  the  same  time  that  the 
maximum  of  the  tcm|)eiature'Cur\'e  is  indic«ited  (Woodcut  i). 
In  the-  same  way,  as  has  already  been  said  the  pl)cnoniena  go 
hand  in-hand  in  tlic  c.isc  cif  leaves.  The  return  i)f  tile  tem- 
|»cratint  to  tin  n-*iii).tl  i-^.  it  is  true  soincAl.at  more  rapiil 
tha:i  that  •  >I  ti.r  m  s}):iati<»n.  at  least  as  f.ir  as  w.is  imlicaU-d 
l>\  t!ic  iikiI.«h!  uMil;  hut  aftri  the  l«»viith  or  tiftli  dav  it  will 
lie  rcTiicnilM  rrd  that  <  vrti  tiir  ir-pii.itii*u  is  unly  vi  r\'  sh^luly 
above-  thr  n  iniai  '.  I  h(->ic-ticall\  >|K*akin^,  thr  risi*  in  re.spii.i- 
t;  n.  rt  |iii  SI  iiiii.-;  ,1'  it  j!.kn  .hi  uKic-asi*  nl'  ihcniical  wi»rk 
in  the  tis!ivic-N  it  iht' plant.  (IcMiatiils  a  li^c  .iImi  «*f  iii:i|K-!.itiiir, 
a:.t!  It  1-^  tiiti  ri-sti'i^;  to  t'lnd  tiiat.  .is  .i  in.ittc  r  «»f  tact.  mi«  h 
x%  the  i.iM-  I.Vfii  ,;i.intin^;  th.it  thr  ri  *»)'iratiiry  )>riH.('sM-<« 
.it(  .li'-rc  II  |*>i)-i:i!i  :>•!  all  tiu  heat  n-'riiially  {'iiHliMti  m 
a  p'..int.  tilt  tf  :i.|K  t.itiiM  i.ouI(l  h.iMliy  hi*  ivjM-ittd  tn  iiu'r«Ms<: 
iorn  {x-ridiri.;!)  w.th  thr  ic  •)ii;atiMV  1  iu-  wntii  wtiulti 
a^ai'i    i.til    attciittiM)    t>>    tlir    fait    tliat     by    r.i(!iati«tn   and    so 
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forth  an  appreciable  amount  of  the  produced  heat  must  be 
lost.  It  is,  however,  evident  from  the  experiments  in  which 
the  action  of  the  air  was  prevented  by  the  application  of  clay, 
that  the  phenomena,  as  regards  both  respiration  *  and  tempe- 
rature (Expt.  1 2  tf),  are  dependent  on  a  supply  of  oxygen,since  in 
these  cases  a  marked  diminution  of  the  reaction  was  noticeable. 

Of  interest  in  this  connexion  are  the  results  of  Eriksson  \ 
who  has  shown  that  the  amount  of  heat  produced  during 
intra-molecular  respiration  is  but  a  fraction — a  tenth  or  there- 
abouts— of  that  which  is  formed  when  the  same  plants  are 
respiring  under  normal  conditions.  It  is  not  to  be  wondered 
at  then  that  after  injury,  when  the  respiration  and  hence  also 
the  vital  activities  of  plants  are  greatly  stimulated,  a  rise  of 
temperature  should  also  be  found. 

But  it  is  not  a  simple  question  of  how  much  heat  should  be 
produced  by  the  formation  of  a  given  amount  of  COg,  since  it 
is  living  and  not  dead  material  which  concerns  us.  There 
are,  no  doubt,  many  other  changes  which  take  place ;  the  very 
fact  which  has  already  been  shown  ^  that  apparently  more  Og 
is  absorbed  than  is  required  for  the  amount  of  COg  produced 
shows  that  oxidizihg  reactions  may  take  place  which,  although 
they  do  not  influence  the  amount  of  CO2  respired,  might 
possibly  give  rise  to  temperature-changes.  Yet  in  addition  to 
these  there  are  no  doubt  other  phenomena  attending  injury 
which  are  not  to  be  measured  directly  by  their  chemical 
effect.  For  instance,  the  acceleration  of  protoplasmic  currents 
which  Hauptfleisch  ^  has  described,  affords  direct  evidence  of 
a  disturbance  of  the  normal  condition  of  the  cell-contents. 
It  would  be  interesting  to  know  from  the  point  of  view  of 
time  how  these  phenomena  are  related  to  those  which  may 
be  determined  in  a  physical  or  chemical  manner :  whether 
the  accelerated  protoplasmic  movements  precede — which 
perhaps  is  not  impossible — or  follow  the  other  phenomena. 
From  the  observations  of  Hauptfleisch   it  would  seem  that, 

*  Uber  Wannebildang  und  intramoleculare  Athmnng  der  Tflanzcii,  Untersach. 
Bot.  Inst,  za  Tubingen,  Band  I,  p.  105  et  seq. 
'  Sec  previoas  paper,  1.  c.    Table  on  p.  54S.  '  Prings.  Jahrb.,  L  c. 
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while  the  more  rapid  circulation  is  not  general  through  the 
whole  of  an  injured  plant,  it  is  propagated  with  a  speed  and 
to  a  distance  which  is  not  commensurate  with  the  apparently 
local  character  of  the  heat-reaction,  so  that  it  would  appear 
that  the  former  perhaps  precedes  the  latter. 

lliat  plants  should,  like  animals,  respond  to  the  stimulus  of 
an  injury  by  an  attempt  to  rally  from  it  is  not  surprising ; 
but  that  this  rallying  should  be  accompanied  by  somewhat  the 
same  symptoms  is  a  matter  of  no  little  interest.  It  is  true 
that  the  reaction  is,  absolutely,  not  so  marked  with  a  plant  as 
with  the  higher  animal :  but  when  one  considers  that  in  the 
former  case  the  cells  and  tissues  are  not  so  interdependent  as 
in  the  latter,  and  that  the  whole  scale  of  vitality  is  keyed  to 
a  lower  pitch,  this  cannot  be  wondered  at. 

It  should  be  remembered,  however,  that  compared  with  the 
ordinary  temperature  of  plants  over  the  surrounding  medium, 
the  rise  of  tcmiK'rature  after  injury  is  as  great,  if  not  greater, 
than  in  anintals.  I-ar^e  or  small  the  reaction  is,  however, 
sufficiently  ucll  marked  to  justify  institution  of  a  comparison 
between  the  rise  in  tcm|>eraturc  following  the  injury  of  plants 
and  the  fever  following  the  wounding  of  alnimals,  both  being 
due  to  the  exerting  of  the  vital  forces  of  the  organism  to 
rcciAcr  from  the  sht>ck. 

'\\\v  in.iiti  result-*  i^\  tlusc  c"X|HTiiiuntJ*.  as  far  as  is  to  he 
jin!'^M«l  fr'-tii  tl)r  «»!)i<vls  ixprt jiiu'iitol  will),  in.iy  Ik*  st.itcil,  in 
l>rir!   .iM  fii'.low  -» 

I.  'Ili.it  .1  icitaiii  tiNC  ill  trinjHrr.ilurc  of  the  adj.ucnt  tissue 
full'. A ^  ..n  th«   wiiiituiiti;^  •»!  p!. lilts 

I.  1  hat  th:^  '!(\i!  rt.uti"H  runs  a  dchnite  (  oiir>e.  attaining 
it^  iiiaxii:'.'.:iii  '--Miir  twi  nty-I'nir  luuirs  alter  injury,  m)  that 
a  iiir\r  {•!•  tt'^I  t[<>in  it  coik  Nj.nntls  in  tfu-  main  to  that  «»t'thc 
rc^p-.rati'-n  rnt'n-itN   nmU'i  siii.il  ir  i  otuiitioiiN  •  WtHMlcut  i». 

\  111  i!  \V.*  i!.a\:iiMim  \\\  all  the  p!  irits  inve»^ti  :.il«'l  uas 
!*r!rtir!»  \\\  .\\v\  thiii  tiim  ^  tlic  «  r!it).4i\  j»l  i^  t(-tii|i(-r.iturc 
o!  t).<-  i'!ant. 

4  I  hat  111  |Hi!.it"C-  li.e  mas>ivr  ti-siies  the  effect  is  local, 
Su!  that  111  I'nion  l>u;l>sii.e.  leave-^'  a  iiiurli  greater  extent  i»f 
ti%^ur  is  sympathetically  afTi-ct*  •! 
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A. 
The  experiments  in  this  section  were  all  made  with  a 
thermo-electric  element  attached  to  a  galvanometer  of  the 
form  and  after  the  manner  already  described.  In  all  cases 
the  material  used  had  been  kept  at  least  twenty-four  hours 
in  the  warm  room  before  being  used.  Hence  no  mention  of 
this  is  made  under  the  individual  experiments.  The  readings 
of  the  galvanometer  are  given  in  divisions  and  fractions  of 
divisions  of  the  scale  employed,  and  are  corrected  to  the  actual 
zero-point  of  galvanometer  at  the  time  the  observations  were 
made,     i  division  of  galvanometer  scale =0-07°  C 

Experiment  1. 

Two  potatoes  7-8  cm.  long.  In  uninjured  condition  show 
equal  temperature.  One  cut  at  4.C0  p.m.,  the  other  left 
uninjured. 


Duration  of  Experiment. 

Temperature 
in  room. 

Deflec.of 
Gal  van. 

Equiv.  in  *»C. 

First  day       4.00  p.m. 

34**-50 

GO 

00.00 

w             6.00    „ 

24''.40 

1*1 

0°.08 

„             8.45  a.m. 

34°.  10 

2.7 

0**.19 

„           i2-i5p.m. 

34^30 

4*o 

0°.28 

Second  day    4.30    ,, 

24^30 

2-8 

0°.20 

„             9.30  a.m. 

34^20 

1*2 

0^08 

Third  day     9.30    „ 

24°.40 

05 

0°.03 

Fourth  day   9.30    „ 

24°.40 

o-o 

O^OO 

Experiment  2. 
Two  potatoes  7-8  cm.  long.     No  difference  in  temperature 
in  uninjured  state.     One  cut  at  4.00  p.m. 


Duration  of  Experiment. 

Temperature 
in  room. 

Deflec.  of 
Galvan. 

Equiv.  in  "^C. 

First  day       4.00  p.m. 

24°-5o 

1 
O-O 

0^.00 

„             6.00    „ 

24^.40 

1-5 

0='.09 

yi             8.30  a.m. 

24^.10 

27 

0°.19 

„           12.30  p.m. 

34'*-30 

4-5 

0  .31 

Second  day  4.30    „ 

24°-30 

3-0 

0^21 

„             9.30  a.m. 

24^.20 

0-5 

0^03 

Third  day      9.30    „ 

24^40 

0-3 

0°.02 

Fourth  day   9.30    „ 

24-40 

o-o 

o°.oo 
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Experiment  3. 

Two  potatoes  8-9  cm.  long.    In  uninjured  condition  showed 
no  diflcrence  of  temperature.     One  cut  at  8.45  a.m. 


Ihtnaioo  of  EipcrioMnt. 


Fint  day       8.45  A.111. 
»,  I  J.00  noon 

Second  day    9.00  a.m. 

4.45  p  m. 

Third  day      9*30  a.in. 

fourth  day    9.50 


»> 


Tcmpcraiurt 

Dcflccor 

10  roan. 

GiJvan. 

a4^lo 

0^ 

J4''io 

l-O 

'<•»* 

a-o 

34^10 

30 

J4'lO 

a*  a 

«4"-.^0 

0^ 

M*-30 

o<o 

Eqaiv.  in  *C 


0^.00 
C-OT 
0^44 
CSl 
0"1A 

O'-OO 


KXPERIMENT  4. 

Two    potatoes  6-7   cm.   long.      In    uninjured    condition 
showed  no  diflferencc  of  temperature.     One  cut  at  9.00  a.m. 


I  >i4f  All  •*!  uf  I  i|«ninrt.t 


It.  rf\<in  i>«.«4ii 


I..J-I*    IM  'I" 


l-irkt  iljt 

V  00  a  111 

JO 

00 

0   00 

*• 

1  y.'-O  11- •••11 

■JO 

10        1 

0   07 

•  t 

4  45  J'"»- 

JO 

J-O 

0   14 

Vvm  '!  •?** 

V  .1  '  ■  "> 

■00 

3  5 

o"a3 

■  t 

4  <«>  1  til. 

iO 

i  •» 

0    20 

Ib.r  1    U* 

<^  u(i  A  m. 

•  10 

10 

0   07 

•  • 

4.  «  p. Ill 

10 

o^ 

0   i>4 

K  'i.rtV      *» 

•^  -^^  A  m. 

JO 

U   J 

0    01 

\  \\\\i  •'•« 

y^>    .. 

lu 

00 

0  .00 
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Experiment  5. 


Two  potatoes  8  cm.  long.    Uninjured  equal  in  temperature. 
One  cut  at  9.30  a.m. 


Duration  of  Experiment. 


First  day 

n 


i» 


Second  day 

Third  day 

Fourth  day 


9.30  a.m. 
12.15  p.m. 
300    „ 

4-50    »» 
9.30  a.m. 

4.00  p.m. 

9.00  a.m. 

4.15  p.m. 

9.00  a.m. 


Temperature 

Deflec.  of 

in  room. 

Galvan. 

24**- 20 

0.0 

24°-20 

0-8 

a4°-25 

1.6 

a4**-30 

3-0 

24°.oo 

3-& 

24^.00 

3-5 

2  4°.  20 

0*6 

24^.30 

0-5 

24^10 

0-3 

Eqair.  in  **C. 


o°.oo 
Coa 
o°u 

0^21 
0°.27 

0°.04 
0°.08 
00.02 


Experiment  6. 

Two  potatoes  7  cm.  long.    Uninjured  equal  in  temperature. 
One  cut  at  9.00  a.m. 


Duration  of  Experiment. 

Temperature 
in  room. 

Deflec.  of 
Gal  van. 

Equiv.  in  **C. 

First  day       9.30  a.m. 

24°.  10 

0.0 

o°.oo 

„            1 2.00  noon 

24°.  10 

0.7 

o^'.os 

»»             4'30  P™- 
Second  day    9.30  a.m. 

24°-.^o 

24°.20 

1-5 
4-3 

0^10 
0°.80 

„             4.00  p.m. 
M             6.30    „ 
Third  day      9.00  a.m. 

a4'*-30 

a4°-35 
24°.  20 

3-0 

2-2 

i>o 

0^21 

0'*.16 
0<».07 

,t             4.00  p.m. 
Fourth  day    9.00  a.m. 

24*'.30 

24°.I0 

0.6 
O-O 

0^04 

o°.oo 

Heat  by  Wounded  Plants. 
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Experiment  7. 

Two  potatoes  lo  cm.  long.  These  potatoes  were  of  another 
lot  than  the  ones  previously  tried.  In  uninjured  condition 
no  difference  in  temperature.     One  cut  at  9.00  a.m. 


Duration  of  Experiment. 

Temperature 
in  room. 

Deflec.  of 
Gal  van. 

Equiv.  in  °C 

First  day       9.00  a.m. 

24%0 

O-O 

"•30       M 

34°-50 

1-5 

o**.io 

i»             3-45  P-ro* 

24°.3o 

2-5 

0**.17 

„             6.00    „ 

24^-30 

3*3 

0°.28 

Second  day    9.00  a.m. 

24  .10 

4-5 

C.Sl 

11.00    „ 

24^20 

5-5 

0°.88 

„              4.00  p.m. 

a4°-30 

37 

0°.26 

Third  day      9.00  a.m. 

24°-30 

2-7 

0**.18 

„            1 2.00  noon 

24%0 

2-0 

0°.14 

„             4.00  p.m. 

24^.40 

1-5 

OMO 

Fourth  day  12.00  noon 

24°.  10 

08 

o°.oe 

Fifth  day     12.00    „ 

24°.  20 

0-3 

00.02 

Experiment  8. 

Two  potatoes  9  cm.  long;  of  same  lot  as  Experiment  7. 
No  difference  in  temperature  in  uninjured  condition.  One 
cut  at  9.00  a.m. 


Duration  of  Experiment. 


First  day 


9.00  ajn. 

11.30    ». 
4.00  p.m. 

0.15    ,» 
Second  day    9.00  a.m. 

11.00   ,, 
4.00  p.m. 
9'00  a.m. 

12.00  noon 

I2'00 
I2*00 


)f 


»f 


ff 


»» 


Third  day 


}» 


Fourth  day 
Fifth  day 


Temperature 

Deflec.  of 

in  room. 

Galvan. 

24^.40 

O'O 

34°-50 

1-5 

24^-30 

2.3 

24^.30 

3-3 

24**.  10 

40 

24°  20 

.S-3 

24°-30 

42 

24.30 

30 

24-40 

2-3 

24°.40 

'•3 

24  .20 

0.4 

Equiv.  in  ®C. 


o°.oo 

QO.IO 

0°.23 
0**.28 
0*37 
0°.29 
0°.21 
0°.16 
OMO 
0°.03 


E 
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Experiment  9. 

Two  potatoes  5-6  cm.  long.  These  were  young  potatoes 
of  the  new  year's  crop,  unlike  the  one  previously  experimented 
with.  In  the  uninjured  condition  they  showed  no  difference 
in  temperature.     One  cut  at  9.00  a.m. 


Doratton  of  Experiment. 


First  day       9.00  a.m. 
„  11.00    „ 

„  3*^^  p.m. 

Second  day  9.30  a.m. 
»i  1. 00  p.m. 

Third  day    12.00  noon 

M  3-30  P*™' 

Fourth  day    4.00 


n 


Temperattire 

Deflec  of 

in  room. 

Galvan. 

a4''.30 

o*o 

24^.30 

0*6 

24  -lO 

1.6 

24^20 

2'0 

H^^-SO 

1.8 

24^30 

24«.30 

1.8 

1-5 

24^10 

QJQ 

Equiv.  in  *C. 


o^'.oo 

0**.04 
OMl 

OM8 
0**.18 
0'*.10 
O^'.OO 


Experiment  10. 

Two  potatoes  5-6  cm.  long.  Same  lot  as  used  in  Experi- 
ment 9.  No  difference  in  temperature  in  uninjured  condition. 
One  cut  at  9.30  a.m. 


Duration  of  Experiment. 


First  day 

9.30  a.m. 

>f 

".15    .» 

» 

3.15  pjn. 

Second  day 

6.00    „ 
9.30  a.m. 

Third  day 

3.00  p.m. 
9.00  a.m. 

» 

Fourth  day 

3.30  p.m. 
4.00    „ 

Temperature 

Deflec.  of 

m  roonu 

Galvan. 

H** 

.30 

O'O 

24® 

•30 

04 

_  .0 

>TO 

o>8 

^  .0 

•20 

1-2 

^  .0 

•20 

a.3 

^  .0 

•50 

1.6 

*  .0 

•30 

X.2 

t  A^ 

•20 

0*8 

^  -O 

>I0 

0-3 

Equiv.  in  **C 


o**.oo 

0**.08 

o**.oe 

0°.08 

o**.ie 
o**.u 

0°.08 

o^oe 

0*.02 


Heat  by  Wounded  Plants. 
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Experiment  11. 

To  determine  the  distance  at  which  the  increase  of  tem- 
perature may  be  noticed.  Two  potatoes,  one  of  which  was 
cut  in  the  usual  way,  were  kept  until  the  injured  one  had 
attained  its  maximum  temperature. 


Dcfkc.  of 
Galvaa. 

Kqniv.  m 
Cabiu" 

T«iip«ra. 

iOfOOHI. 

i4*-30 

In  wound 
5  mm.  diitant 

30 
18 

081 
OU 

II  mm.      ,, 

I'O 

0-07 

15  mm.      „ 

0^7 

0O6 

JO  mm. 

o-o 

000 

EXTKRIMENT    12. 

For  the  same  purpose  as  Experiment  W 
in  the  same  way. 


lleflcv.  (if 

IC4)tti«.  in 
CclMn%  * 

In  wound 

3-0 

081 

0-5  mm.  diftlAAt 

I'l 

015 

3  5  mm. 

•* 

J^O 

ai4 

K.O  mm. 

*• 

1  ft 

013 

lo  mm 

•• 

1.6 

Oil 

ij  mm. 

•t 

1  o 

007 

1  7  mm. 

li 

■        05 

009 

Potatoes  treated 


KxiKklMKNT  YXa. 

To  determine  the  effect  i»f  exclusion  cif  air  from  the  wounded 
|)art%  Two  |Mit«itocs,  one  of  which  was  cut  and  the  cuts 
immediately  |jrcss<*d  to^cllicr  ant)  ct>vcreil  with  cLiy.  No 
deficit  ion  of  the  (^alv.moinctcr  was  observed  immediately 
Au!Mci]urnt  to  injury,  .\firr  .^tandin^  iwcnty-four  hours  clay 
rr moved  and  drtenninatioii  made. 


I  I  J  :jO  r  •-« 


I'l  riBiu. 


i4  }fi 


« : 
J  4 


o  07 

01  J 
O  I? 


I    : 
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Experiment  13. 

Two  specimens  of  kohl-rabi  {Brassica  oleracea  var.  gon- 
gylodes)  7-8  cm.  diameter.  Leaves  had  been  removed,  but 
wounds  entirely  healed.  In  uninjured  condition  showed  no 
difference  in  temperature.     One  cut  at  9.00  a.m. 


Dnntion  of  Experiment. 


First  day 

9.00  a.m. 

If 

"30       M 

Second  day 

4.00  pjn. 
9.00  a.m. 

»t 

1 3.00  noon 

Third  day 
Fourth  day 
Fifth  day 

3.00  p.m. 
11.30  a.m. 
9.00    „ 
930    „ 

Temperature 

Deflecof 

ID  room. 

Gal  van. 

24*- 20 

o-o 

24^30 

0.8 

24  '20 

20 

24^30 

3-3 

24^.20 

26 

24%0 

2.0 

24^3o 

10 

24  'lO 

0-4 

24°.  30 

0.0 

Equir.  in  ®C 


o°.oo 
oo.oe 

0®.14 
0*».28 
0M8 
0*».14 
0°.07 
0°.08 
0*».00 


Experiment  14. 

Two  specimens  of  kohl-rabi  [Brassica  oleracea  var.  goti- 
gylodes")  8  cm.  in  diameter.  As  above.  Uninjured,  no  difference 
in  temperature.     One  cut  at  9.00  a.m. 


Duration  of  Experiment. 

Temperature 
in  room. 

Deflecof 
Galvan. 

Equiv.  in  °C. 

Fint  day       9.00  ajn. 

24^.20 

00 

o°oo 

M              ".45    l> 

24**.  20 

1-3 

00.09 

>»              4«'5  P-™» 

24**- 30 

2.8 

0**.20 

Second  day    9.00  a.m. 

34^-30 

3-5 

0^24 

„              3.00  pjn. 

34'.40 

3-0 

0**.21 

Third  day      9.00  ajn. 

34^35 

X.8 

0°.12 

11.30    i> 

34^30 

>-3 

0^09 

Fourth  day     9.00    ,, 

34**.IO 

0.2 

0^.01 

Fifth  day       9.30   „ 

34^20 

00 

00.00 

1 

Heat  by  Woutided  Plants. 


53 


EXTERIMENT   16. 

Two  carrots  (Daucus  Carota)  about  15  cm.  long.  (lad  been 
thirty-six  hours  in  warm  room,  and  showed  no  difference  of 
temperature  before  injury.    One  cut  at  9.00  a.m. 


Itanaioa  uf  Eipcriawnl. 


f  irit  day 

9.00  a.m. 

•t 

11.00    -• 

ti 

3.00  pJD. 

t* 

5  30    „ 

Second  day 

9.00  a.m. 

»i 

1  j.oo  noon 

•1 

3.50  p.m. 

•• 

6.00    ., 

j     Third  day 

9X>o  a.m. 

1 

3.00  p.ni. 

1     Foarth  day 

9.00  a.m. 

Fifth  day 

9^00    „ 

Tcnpcnlare 

iVflccof 

in  room. 

Galvan. 

i4^30 

0-0 

'C* 

13 

34^20 

»5 

34**- 10 

J -8 

»4'-40 

3-3 

MJO 

3-6 

J4"30 

3-3 

14-30 

3-3 

24  'lO 

|.S 

34''ao 

1.6 

J4  so 

o4 

a4**30 

O-J 

Eqoiv.  io  *C. 


0*^.00 
00.09 
0'.17 

0^.23 

o*-a6 

0"^8 

0^-93 

0M8 

0"11 

C4>4 

O'.Ol 


KXTKRIMENT    If^. 

Comparison  of  living;  an* I  dead  tissues  of  variou.s  plants. 
The  dr.id  plants  were  killc<l  with  lx)ilin^  water.  The  tcm- 
{)craturc  ^iven  is  the  natural -ftcmiKrature  of  the  plants. 


t 

■  • 
<  •:.i-.ri 
(  arr<  \ 


a 

A 


7 


'3 

J-O 

i  o 

«  7 
J  s 


V  •|UI 


«     ir. 


0  16 
0  17 
O  14 
014 

oia 

030 
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Experiment  17. 

Two  onions  (Allium  Cepa)  diameter  about  6  cm.  In  warm 
room  three  days  before  using.  One  cut  at  lo.oo  a.m.  The 
wounds  gape  so  that  the  needle  was  always  inserted  a  little 
behind  the  cut  surface. 


Duration  of  Experiment. 


First  day 


lo.oo  a.m. 
la.oo  noon 

3.00  pjn. 

6.00    „ 
Second  day  9.00  a.m. 
I  a.oo  noon 


it 


» 


»i 


Third  day 


>» 


ti 


Fonrth  day 


>» 


Fifth  day 


»i 


5.00  p.m. 
6.00  „ 
9.00  a.m. 
I  a. 00  noon 
a.oo  p.m. 
9.00  a.m. 
5.00  p.m. 
9.00  a.m. 
5.00  p.m. 


Temperature 

Deflecof 

m  room. 

Gal  van. 

a4°ao 

CO 

a4''.ao 

16 

H"-30 

3a 

a4"-i5 

4-0 

a4*'.io 

4.0 

a4®.oo 

4-3 

a4^i5 

40 

a4  .ao 

3-0 

a4^.40 

a-3 

34>o 

a*o 

a4%o 

1.6 

34>o 

1^ 

a4*3o 

I-O 

24^30 

0.6 

»4°-40 

0-3 

Equiv.  in  °C 


o°.oo 

0^22 
0°.28 
0°.28 
0*80 
0''.28 
0*21 

oMe 

0*.14 

0*.07 
0^07 
0°.04 
0°.02 


Experiment  18. 

Showing  that  the  whole  tissue  of  the  onion  is  sympatheti- 
cally affected.  Two  onions,  one  of  which  was  wounded  by 
cutting.  Allowed  to  remain  twenty-four  hours  until  maximum 
reached.     Temperature,  24°*40. 


Distance  from 

wound. 

1 
1 

Deflec  of  Galvan. 

Equiv.  in  **C 

1             I  mm. 

4-0 

0.28 

a>4  mm. 

30 

0.21 

3-5  ™™- 

30 

021 

io<o  mm. 

3-3 

0.23 

i6*o  mm. 

3-0 

021 

45-0  mm. 

»-5 

0.17 

Heal  by  Wounded  Plants. 


55 


EXI'KRIMENT   19. 

Two  onions  {Allium  Crpa)  about  5  cm.  in  diameter.    As  in 
Experiment  1 7.    One  cut  at  9.30  a.m. 


Damtaon  of  Kiprrimcni. 

1 

j  Tcnqwratora 
in  room. 

-  '-     . 

DtAccoT 
GalTM. 

Eqoiv.  IB  ^. 

Kint  day       9.50  a.ni. 

'      J4*.ao 

0-0 

o*.oo 

,.           1 3.00  noon 

24°- «o 

»-5 

o*».io 

„             .voop.m. 

J4  .30 

3  5 

0*24 

6.00    „ 

'      >4*«5 

40 

o*-ss 

Second  day   9.00  a.m. 

J4''*IO 

4-0 

CSS 

M           iax>onoon 

24**.IO 

4-0 

0*28 

«.             3.00  p.m. 

1       J4*'O0 

3-« 

0".17 

„             ft.oo    „ 

J4*oo 

33 

0.89 

Thitd  diy      9.00  a-n. 

'       M^40 

j-6 

0*18 

«,            ij.oonoon 

m!-50 

'■5 

0M7 

5  00  p.m. 

J4  -40 

lR 

o^'.ia 

(nnrlh  dajr  9.00  a.m. 

1 

M^-fo     1 

l-O 

0*.07 

KXPKRIMKNT  20. 

Two  cucumbers  {Cucnpnis  safiVNs)  .ilx>ut  12  cm.  long.  Had 
been  in  warm  riK)in  two  dayN.  .Showcti  no  difference  in  Icm- 
ficratuic  Inforc  injury.     One  cut  al  i^.cx)  a.m. 


I  »    •*!.  ••    t4   1 

•  |<rMllirf   1 

1   *-Il     {!*■*•■.  f» 

1     ti.  m 

1  .»<•».    ..f 

(  .aI  t  All 

1    ;■!:*     in 

\  i'«t  iU\ 

y  00  a  II). 

J4    ;o 

00 

0   00 

■  • 

1  i  00  ri<-«ii) 

i4    io 

1  o 

0  07 

■• 

300  J.  Ill 

'4  y> 

.^0 

0  -ai 

f  ■ 

<».DO      .. 

ii    4r» 

^  .\ 

U    111 

V  -f  r.'l  '\n\ 

V  '"^^  a  'ii 

M    i^ 

i  .* 

0    17 

■  « 

'1  ^"■»  |<  fi) 

M    .*^ 

» .1 

0  00 

Ih.r.!  .!  * 

i^  (^'  •  III 

J4    4.> 

"  \ 

0   09 

•* 

t  00  |>  III 

i4'.40 

•v\ 

0  09 

>■    .ft!i    !** 

t;  <X>  A  III 

i4    50 

«'  .> 

0   00 
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B. 

The  experiments  recorded  in  this  section  are  comparisons 
of  the  temperature  of  two  bell-glasses,  properly  packed  with 
cotton  wool,  one  containing  the  uninjured,  the  other  the 
injured  plants.  The  bell-glass  containing  the  normal  plants 
is  always  designated  as  bell-glass  A,  the  other  as  bell-glass  B. 
When  it  was  desired  to  determine  the  ordinary  plus  tempera- 
ture shown  in  the  bell-glass  containing  the  uninjured  objects, 
the  other,  usually  bell-glass  B,  was  filled  with  some  substance 
to  prevent  the  circulation  of  air,  &c.,  and  to  render  all  the 
conditions  as  nearly  equal  as  possible.  Vessels  containing 
KOH  were  always  placed  in  the  bell-glasses,  and  the  objects 
supported  above  them.  Formalin  was  employed  to  prevent 
the  growth  of  fungi.  The  thermometers  used  were  carefully 
compared,  and  found  to  be  precisely  alike  and  to  agree  with 
the  standard  thermometer. 

Experiment  21. 

400  grams  potatoes  in  each  bell-glass.  Had  been  kept  in 
warm  room  two  days  before  using.  Injured  by  cutting  into 
quarters. 


Duration  of  Experiment. 


Uninjured  Jane  i 


»» 


»> 


First  day 


>» 


»> 


Second  day 


»> 


Third  day 


»f 


Foarth  day 
Fifth  day 


>» 


4.00  p.m. 
9.00  a.m. 

Cnt  in 


Temp.  Bell- 
Glass  A.  *^C. 


24.40 

2415 
quarters  at 


Temp.  Bell- 
Glass  B.<=C. 


34.40 

2415 
9.30  a.m. 


13.30  p.nL 

a4-3o 

24.40 

330    » 

2425 

24.60 

6.30   »» 

24.25 

2475 

11.00  a.m. 

24-30 

25.10 

1. 00  pm. 

24.30 

25-20 

4.00  p.m. 

24.20 

2495 

6.30    »» 

24-25 

24-80 

9.00  a.m. 

23.80 

24-30 

13.00  noon 

23.90 

24.40 

3.00  p.m. 

23.90 

24.40 

6.00    „ 

24.00 

2455 

9.00  a.m. 

24.10 

24-50 

4.00  p.m. 

2425 

24.60 

9.00  a.m. 

2430 

2465 

5.00  p.m. 

2430     1 

34.50 

Difference, 


0.00 
000 

010 
0.35 
0.50 
0.80 
0.00 
0.76 
0.65 
0.50 
0.50 
050 
0.55 
0.40 
0.S5 
0.S5 
0.20 


Temperature 
outside.   ^ 


24.00 
23-70 

33.90 
23-60 
33.70 
23.70 

23-65 
33.60 

23.70 

23.40 

2320 

2340 
23.60 

2360 

23-70 
2380 

34.00 


Heat  by  Wounded  Plants. 
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EXPKRIMENT  22. 

6co  (p-ams  potatoes  in  each  bell-glass.  In  warm  room  two 
days  before  using.  Washed  in  i  7^  Formalin  to  sterilize. 
Injured  as  in  Experiment  2i. 


Ihiraiiun  of  EipcrioHnil. 

Temp,  in 
BcIU.Iam  a. 

Temp,  in 
BcIM;UmB. 

Diflcrracc 

Ttapcraiort 
oouidc. 

35.30 

*          June« 

foo  pm. 

J5^> 

J5-8o 

04)0 

•  t    9 

9.00  a.m. 

J5-»o 

35-80 

0-00 

ni% 

Cut  in  qoAftcrt  at  9.10  a.111.     BcII-kUis  I). 

Fint  <ia]r 

1  j.oo  n<w>ti 

36.10 

36.  JO 

010 

35-60 

•• 

\joo  pjn. 

j6-jo 

36-50 

0-80 

n^i 

tt 

yy^  .. 

26*  JO 

36.7$ 

0-55 

35.70 

»• 

430    „ 

a6j5 

37-00 

0-75 

3560 

•• 

530    « 

>6.35 

37-30 

0-86 

3560 

SccoofI  day 

9.00  a.in. 

j6jo 

*7-45 

0^5 

»5-*5 

1             •• 

1100    ,. 

a^»5.* 

3740 

o-as 

a5-5o 

•             •• 

1 .00  p.m. 

i66o 

37.40 

0-80 

s6-io 

1 

400    « 

i6-5o 

37-30 

0-SO 

16.10 

!      Thir.l  «tay 

900  aJB. 

i'».50      ' 

3730 

070 

s6-io 

•• 

Jl..\o  pja. 

J6.60 

3  7- 30 

060 

36.30 

1-ourth  (lay 

H  30  a.ii». 

j6-6o 

3700 

0-40 

36.10 

1*  iith  <Uy 

».30    ^ 

J6-40       < 

1 

36.60 

080 

! 

36*00 

Kxrr.RiMKNT  23. 

4;,c  ^^ranis  radishrji  \Kaphanus  sativus)  had  been  two  days 
in  warm  r<M.iu.  Washed  in  1  /  Formalin.  Injured  by  cutting 
longitudinally  in  quarter n. 


I  •  .■  «l.  (I  i;<riT. 


»    • 


I 


I'l 


I 


Iriii|t    in 


|:«    I.  ^*>  \     |w:i  i.iAt.  It. 


I»tftrf* 


t..  9 


I..:.r  I*       1,  '>■  4  III 


'.a^ 


I  J  I  5  a  .Ml 
III*      .. 


\  .'.«« 


4 

I  I 

I 


O   A  II. 


•r 


J*  ^o  i;-Mo 

•  U:Ar1'  iri!   at    u  l  <  a  ni. 
J*  "  ) 

i'l  J.J 


j'l  j-> 

i'»  J  ' 
;'•  i  - 

J'.  4 


j6  .0 
i6  if 
i'.^P-i 

'7  '.* 

i'.  V. 

i'i «».. 


000 

O'iO 

0  J6 
OIK) 

on& 

1  lA 
0  00 
0  05 

o  40 


i*  40 


ii  40 
ii  f*o 

i  5  'iO 

i*  •* 
iC  v> 

J*.  :.-> 

i«  '^ 
il  v> 
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Richards. — The  Evolution  of 


Experiment  24. 

75  leaves  of  Diervilla  sp.  in  each  bell-glass.  Weight,  50 
grams.  Kept  in  warm  room  fourteen  hours  before  experi- 
ment. 


Dttfatum  of  Experiment. 


June  so       la.oo  noon 


Pint  day 


»» 
>» 
n 
i» 


Temp,  in 
BeU4:;UssA. 


a6*ao 


Teinp.  in 
Bell-GlassB. 


a6*20 


Difference. 


Leaves  slit  longitudinally  at  i3*oo. 


1. 00  p.m. 
J.oo    „ 

4.00    „ 
9.00  a.m. 
I  a. 00  noon 


a6*ao 
a6*ao 
a6«io 
a6*oo 
35.80 
35-80 


a6-ao 
a6.a5 
a6*ao 
a6*30 

a5-90 

a5-85 


COO 


0-00 
0.05 
0-10 
0.20 
0.10 

ao5 


Temperature 
outside. 


a6.io 


a6-io 
a6*io 
a6.xo 
35.90 
35.90 

a6-95 


Experiment  25. 

Leaves  and  small  twigs  of  Liriodendron  iulipifera.  About 
70  leaves,  or  120  grams  of  leaves,  in  each  bell-glass.  Had 
been  in  laboratory  one  day  before  experiment  was  b^fun. 
At  the  end  of  the  experiment  the  leaves,  in  bell-glass  A,  were 
found  to  be  still  quite  fresh  and  turgid. 


Duration  of  Experiment. 

Temp,  in 
Bell4">UtitA. 

Temp,  in 
BeU-GUss  B. 

Difference. 

Temperature 
outside. 

June  34      5.00  p.m. 

a6.ao 

a6.3o 

0.00 

35«8o 

„    a5     11.00  a.m. 

a6-ao 

36*30 

coo 

35.80 

lieaves  slit  longit 

ndinally  and 

petioles  cat 

at  ii.ooa.D 

1. 

First  day       i.oo  p.m. 

a6.ao 

3650 

o-so 

25-90 

1*             3.30   »» 

a6.3o 

36.95 

0.76 

36.10 

i>             5'3o    1* 

36.35 

36.90 

0.65 

36-00 

,,            9.00  a.m. 

36.50 

36.90 

0-40 

35.80 

„             3.30  pjn. 

26*30 

36-40 

0.20 

35.80 

Second  day  6.00    „ 

2630 

»6.35 

015 

3560 

„             8.30  a.m. 

36.15 

36.30 

005 

35-60 

„           1 3.00  noon 

36'lO 

36-10 

aoo 

35.80 

Heat  by  Wounded  Plants. 
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Experiment  26. 

45  onion-bulbs  {Allium  Cefa) — 500  grams — in  each  bell- 
glass.  Had  been  in  warm  room  two  days  before  beginning 
of  experiment.  Washed  objects  with  1  y,  Formalin  to  sterilize 
them. 


DarMiMoT 

Enwfiitnt. 

T«rapL  in 
BcIIGbuaA. 

BcIUGCmB. 

»^*^      -     -  - 

flMttaida* 

Afwrn^i* 

1          jMe30 

6.00  p.ai. 

>4-'5 

S4-*o 

--06 

23.90 

J«ly  I 

8.30  M 

S410 

24*10 

000 

23-70 

Onkmt  in  Be 

il-gU«  B  Oil 

t  Into  qaaito 

ri  at  845. 

ftint  tUy 

lajo  A.in. 

1415 

24*5 

aio 

J3H0 

1 

1130    .. 

J4*JO 

«445 

0.16 

23.«o       1 

1 

•• 

11.00  noon 

14.J5 

'4-75 

0-60 

^l<^  \ 

•  ■ 

ii.30  |i.in. 

J430 

14.90 

0-ao 

'3-95       1 

t* 

1.00    ., 

*4-5o 

15-jo 

a70 

24.00      j 

■  » 

iOO    ,. 

1465 

»5-55 

0.00 

24-00 

•  • 

ijo    .. 

«455 

J5^ 

1-66 

24-10 

•• 

4iO    .. 

14^10 

i^iO 

1-ao 

2420 

•  ■ 

5  30    .. 

a4'«o 

af»40 

i-ao 

24-20 

■  • 

750    .. 

J470 

J6^5 

106 

J4-10 

•• 

V.IO     .. 

14  V) 

17  JO 

a -40 

'4  0« 

Xx'f'O'l  «U^ 

H  00  a  Ml 

'      '5*o 

.      2*^70 

sao 

25- 10 

.. 

1000    ,. 

It  50 

jHHo 

3  90 

2(IO 

• 

. 

4  00  J  n». 

J5-50 

i*».\o 

sac 

25  iO 

fhif!  -1a% 

<^oo  a  ni 

J440 

J*-'iO 

• 

ISO 

J4  iO 

i> 

4  00  |i  m 

14  40 

J5  40 

100 

24  : 5 

^(•vr^h  <1a> 

V  rn  A  m 

14  40 

25-00 

040 

1400 

•• 

1  ou  1'  m 

i4  40 

i4\^ 

0  45 

J4  10 

•- 

5~    .. 

i4  .*« 

'4  ?5 

0  36 

i4  00 

\\\\\    f** 

f*  K-i  a  ni 

J4  40 

J4   40 

010 

i4  JO 
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Experiment  27. 

5cx>  grrams  small  onion-bulbs  {^Allium  Cepa)^  3  cm.  in  diameter, 
in  each  bell-glass.  In  warm  room  three  days  before  beginning 
of  experiment    Washed  with  Formalin  to  sterilize. 


DurmtioD  of  Expenment. 

Temp,  in 
BeU-GlastA. 

Temp,  in 
Bell-GUcta 

Difference. 

Temperature 
ontude. 

July  10 

5.00  p.m. 

a6'40 

26.40 

COO 

25.20 

July  11 

9.00  ajn. 

a6-8o 

26.80 

COO 

3580 

Cut  onions  ii 

1  Bell-glass  B  in  quarters  9.15  a.m. 

Fintday 

11.30  a.m. 

a6-8o 

a7*io 

o-so 

35-80 

» 

1.30  p.m. 

a6-8o 

>7-45 

C65 

25.70 

»> 

3-30    ,. 

a6.85 

28*20 

1.S6 

25.70 

• 

7-30    n 

a6-8o 

27.40 

1.60 

25.70 

M 

9-30    „ 

a6-8o 

27.70 

1.90 

3580 

Second  day 

10.00  a.m. 

a6.85 

28.95 

8-10 

25.70 

»> 

13. 00  noon 

a6-90 

29.20 

8-80 

35-80 

f» 

6.00  p.m. 

2695 

28.95 

8.00 

35.80 

»j 

9-<»   ». 

2700 

2880 

180 

25-90 

Third  day 

8.00  a.m. 

27.00 

28-10 

110 

25-90 

if 

la.oonoon 

2700 

2780 

0.80 

25-90 

it 

6.00  p.m. 

26'90 

27.70 

0«0 

25.80 

Fourth  day 

8.00  a.m. 

26.80 

27-30 

0.50 

25.70  ■ 

n 

X  .00  p.m. 

26.80 

^in 

0.45 

2580 

ft 

6.00    „ 

26.85 

2705 

0.80 

25.90 

Fifth  day 

9.30  a.m. 

26.90 

27.00 

0.10 

25-80 

The  onions  in  Bell-glass 
The  temperature  of  tl 

ofth 

B  were  rcmc 
he  bell-glass 
e  other  is  shi 

»ved  and  thei 
with  living  ( 
[>wn  below. 

1  replaced  w 
Dnions  above 

ith  coke, 
tthat 

Evening 

5.00  p.m. 

2680 

H'^ 

1.30 

25-70 

Next  morning  9.00  ajn. 

26-90 

25-80 

1-10 

2580 

Heat  by  Wounded  Plants. 
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Experiment  28. 

^fio  grams  onion-bulbs  (Allium  Cepa\  from  a-3  cm.  in 
diameter,  in  each  bell-glass.  In  warm  room  two  days  before 
using.  Washed  in  J  V.  Formalin  to  sterilize.  Injured  as  in 
Kxperiment  27. 


<  hiiitnt  111 
I  MflrfrhLT 

I  trnni*  10  )>  111 

Nrit  irtiirt4iii|* 


llrll  cUit  H  tritiMTrtl  %\  In  I.l}4     17. 


ij-oo 


j;io 


0  00 


[hiniion  uf  1*  iptriawM. 

T«flip.  in 
BcU4;U«A. 

1 

Te«p.  in 
BcU-UUm  B.  : 

I>ifin«nc«. 

T«a^Mmurr 
oviftid«. 

J«ly 

14 

5.00  p.m. 

17-00 

1 
>7-05 

0-06 

36^0 

»• 

i* 

8.00  a.m. 

J7-00 

97-00 

0-00 

36-40 

Cut  onioQt  io  Hell-gUu  K  in  quarleti  9.00  A.in. 

Fint  tlay 

1045  a.m. 

J7<oo 

17-00 

0-00 

1       ^¥> 

tt 

I  J.45  p  m. 

17-00 

'7-30     . 

OSO 

1       a^45 

•» 

'45    .. 

37-00 

37-60 

oeo 

36.35 

•• 

4-45    M 

2710 

'7-V5 

o-as 

j       '^40 

1 
1 

^45    M 

i7>io 

iK.iO       t 

110 

:    36.40 

i 

'<45    M 

97- 10 

38.70 

160 

1    36-40 

1 

«o.45    .. 

J7  10 

3VIO        1 

8-00 

j    36-30 

X04W1 

^\A^ 

10.45  *•'"• 

i7-oo 

3015 

816 

36-30 

1 

1145    .. 

J700 

y>'ib 

9  36 

3<>-3o 

1 

•• 

tj  45  ).iti 

i;oo 

30-40 

840 

i'»30 

■  • 

i  45    .. 

j;oo 

3040 

3.40 

j/1.40 

1 

4  45     .. 

':'^5 

3005 

8-00 

3*40 

•  ■ 

'»4.*     .. 

30^5 

800 

ifc  40 

j     T!..i.!  . 

Iav 

»»  45  ■  m 

i7io 

i.;90 

8-110 

3650 

! 

»o  45     .. 

j;  10 

jv-ro 

860 

j^  50 

•  * 

J  45  1'  n» 

K^b 

'9  35 

880 

jft  30 

1 

'■45    .. 

i;  00 

Ji;-00 

800 

:fi.jo 

Jf»  JO 


62 


Richards. —  The  Evolution  of 


Experiment  29. 

750  grams — 20 — small  carrots  (Daucus  Carota)  in  each 
bell-glass.  Had  been  three  days  in  warm  room.  Washed 
with  I  y^  Formalin. 


Duration  of  Experiment. 

Temp,  io 
Bell-GIassA. 

Temp,  in 

Bell-GUas  B. 

«C. 

Difference. 

Temperature 
oatade.°C. 

July  6         7.30  a.m. 

35-80 

25.80 

0.00 

25-00 

„               I  I.OO     „ 

35.80 

25.80 

0.00 

25.00 

Cnt  cam 

3ts  in  Bell-g] 

^us  B  in  quarters. 

First  day       5.00  pjn. 

35.80 

35-90 

0.10 

25.00 

it            5-00    » 

25.70 

a6*2o 

0.60 

34.90 

»             700    » 

35.60 

36.40 

0.80 

34-90 

n            8.00  a.m. 

35-50 

36.70 

1.20 

34-60 

„           10.00    „ 

35-40 

36.65 

1-86 

34.60 

,,           la.oonoon 

35.40 

36-75 

1.86 

34-70 

„             a.oo  pjn. 

35.40 

36.40 

1*00 

34.50 

Second  day  4.00    „ 

3535 

26.20 

0.86 

34-50 

,.             6.00    „ 

3535 

26.15 

0.80 

34-60 

,.             8.00    „ 

35-40 

26.00 

060 

24.70 

,f            9.00  ajn. 

35-45 

26.05 

0.60 

2480 

,«             I.OO  p.m. 

3530 

25-80 

0.60 

34.80 

Third  day     5.00    „ 

25.20 

25.60 

0-40 

34-60 

yy           xo.oo  a.m. 

35-40 

35-55 

016 

34.70 

Foortli  day  4.00  p.m. 

35*40 

35-40 

aoo 

34.70 

The  carrots  in  Bell-gla 
compare  temperati 

St  B  were  rei 
ire  in  Bell-gl 

moved  and  r 
ass  A  with  s 

eplaced  by  c 
orronndinga 

oke  to 
.ir. 

Evening             7.00  p.m. 

25.40 

34-65 

0.76 

34-70 

Next  morning  10.00  a.m. 

25.60 

2480 

0.80 

24.80 

Heat  by   Wounded  Plants. 
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3'^.y 


2*^'t 


f%..ri 


\\nodcut  J. 

Apt'totinutc  lrffn|cra(utc-cui\cft  of  vtninJcfl  |iUnt».  The  tttlid  linrt  are  the 
larvr*  •>btainr<l  with  th«-  tlirr mo  clement,  the  «loltr«l  i)or«  thute  from  the  bcll- 
(•'.aM  ri;*fiiiir;.!»  \\  n!,  ih*-  :'ni>rr  t*>r  \Aluf  «jf  ca».h  iii\i«ion  it  oo5'(' ,  with  ihc 
i»ttrr  o  1    <         I  hi   trrtLal  11;. rt  «K<im  tlir  «U%«  from  time  i*f  injury. 

I    « ►•.!..!.  'A.!!  ».  I  1;  It    17  an.!  J*  II.  Carrots  Ki|»t».  1^  ami  '-*•». 

Ill    I'l'lAtiirs  \x\u   I  an>l  *i'J 
*  'i^iiiiafr  J  rr».    ti%  I-^l*"?.  I    »  .  ^N  ihhIcu!  .\,  p    5»*i 

/•/  .'  .»!/.'  ''-It.  r  !!ir  Mn.  •>(  thl%  puirr  wai  trnt  ti»  the  pnatrr.  a  rhumi,  by 
I'r-  I  I'l'-flrr.  •(  \\.\\  a*  1  thr-  I'fctinut  arlulc  (>n  rcftpiratloo  hA*  apiirarrtl  la 
llrTi*^.''-  -Irf  n.**h  }.!ntiN.b.  *  Umt  il  K'<ti|*l.  .Sat^ht  ttrtcll  <u  lxi}ifl|{.  Sitxon|( 
«  'fa  I ;    lull  *••/• 


A  Contribution  to  our  Knowledge  of 

Lyginodendron. 

IIY 

A.  C.  SEWARD,  M.A..  F.GS. 
With  PUtes  V  ud  VI. 


AMONG  a  number  of  specimens  in  the  Botanical  Depart- 
ment of  the  British  Museum  rcrerred  to  the  genus 
Dadoxylon,  I  found  one  transverse  section  which  had  been 
cut  from  a  thick  stem  possessing  a  large  pith  and  a  con* 
Mderable  development  of  secondary  wood.  An  examination 
of  the  s|)ecimcn  revealed  certain  striking  anatomical  characters 
entirely  at  variance  with  those  of  Padoxylon  or  Cordaitts^  but 
on  \\\v  otluT  haru!  in<licalivc*  of  a  il<»Nr  alTmity  with  the  ^cnu'* 
I.M-inidnuifcn.  TIr*  *»irlii>ii  had  Ix'cii  taken  from  .m  un- 
usually  fine  pinr  •»!  U^^^W  wixkI  partially  cnc!«»M:d  in  ar^il- 
I41  cous  limestone,  liavin}^  a  )en;;tl)  of  141*10  and  a  brLadth  of 
i4*"i.  A  |H.iii..n  ot'  the  «\p<»si«l  Nurlaur  ff  tlie  sjK'cimen 
i-nnistN  of  sni<Hith  and  wateruorn  wood;  and  wlure  the 
foN^d  is  eni  h»!if  <1  by  thr  suir«»uiultn^  matrix  no  trace  of  tissues 
extffnal  t<»  thr  u  ■•«>«!  i  .in  Ik-  «leti\ted. 

I  li«  \i«>'.,l  uirasurrii  ',  X  1  ni.  in  tlic  thiikc-st  part,  and  veiy 
probab!)  \\!;rn  thr  .ntrrn  was  living  it  attained  a  still  ^Meater 
breadth,  as  tl.ric  is  ni •  proof  that  the  outerm<<st  pofti«>n  as 
shovfcn  in  the-  lo.sil  nprrscnts  tlu-  extent  of  thr  original  utnuly 
t.^f.ir       Ihr   larj^c   pith   1>  m^;  tt>wari|s  onr  ssde  of  the  bluvk 
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measures  39  cm.  in  the  widest  part.  Seen  in  longitudinal 
section,  the  pith  shows  here  and  there  somewhat  irregular 
and  more  or  less  transverse  bands  of  dark- coloured  tissue 
which,  on  superficial  examination,  resemble  the  horizontal 
disks  of  the  pith  of  Cordaites  (PI.  V,  Fig.  2).  Other  sections 
of  the  same  block  were  afterwards  found  in  the  Museum,  and 
finally  additional  preparations  were  recognized  in  the  William- 
son Collection  as  having  been  obtained  from  the  large  piece 
of  stem.  From  the  entries  in  Professor  Williamson  s  Catalogue 
of  microscopic  sections  it  was  found  that  the  material  came 
from  the  Coal-Measures  of  Oldham,  and  had  been  contributed 
by  Mr.  Nield.  The  specimen  when  intact  must  have  been 
one  of  the  largest  ever  found  in  the  English  Coal-Measures  in 
which  the  internal  structure  had  been  preserved. 

In  the  fourth  of  the  series  of  Memoirs  on  the  *  Organization 
of  the  Fossil  Plants  of  the  Coal-Measures',Williamson  writes  as 
follows  with  regard  to  a  specimen  referred  to  Lyginodendron : 
'  I  have  obtained  from  Mr.  Nield  one  magnificent  axis  in 
which  the  woody  cylinder  and  its  contained  medulla  has 
been  at  least  eighteen  inches  in  circumference.  The  thickness 
of  the  wall  of  this  vascular  cylinder  has  been  at  least 
2  J  inches  ;  and,  since  the  specimen  is  weathered  and  water- 
worn,  it  may  have  been  of  even  larger  dimensions.*  In 
a  foot-note  the  specimen  is  said  to  have  been  *  found  in  a 
watercourse  intersecting  the  Lower  Coal-Measures  at  a  locality 
near  Oldham  known  as  Har  Culver  (Higher  Culvert)  ^'  In 
the  recent  memoir  on  Lyginodendron  and  Hctcrangium  by 
Williamson  and  Scott,  the  authors  refer  more  than  once  to 
Nicld's  large  specimen.  Discussing  the  size  of  Lyginodendron 
stems,  these  authors  write :  *  The  largest  undoubted  stem  of 
Lyginodendron  which  we  possess  attained  a  diameter  of  about 
4  cm.  We  leave  out  of  consideration  for  the  present  both 
Mr.  Nicld's  specimen  and  the  cortical  impressions.  These 
must  have  belonged  to  stems  of  enormously  greater  size,  but 


'  Phil.  Trans.,  1H73,  p.  386.     A  radial  section  of  this  siHcimcn  is  figured  in 
Plate  Win.  Fig  9  (No.  1 183  in  the  Williamson  CollectionV 
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wc  cannot  absolutely  prove  their  identity  with  Lyginodendron  *.* 
On  |3aj;c  742  of  the  same  work  we  find  the  following  account 
of  the  large  Oldham  fossil : — 

'There  remains  the  large  sj)ccimen  showing  structure, 
received  from  Mr.  Nicid,  and  referred  to  in  Memoir  IV.  p.  3H6. 
The  s|)ecimen  includes  the  pith  and  a  portion  of  the  wide 
zone  of  secondary  wood.  Sections  in  the  three  directions 
have  been  cut  and  clearly  exhibit  the  structure  so  far  as  it  is 
prescr\'ed.  The  diameter  of  the  pith  \^  .V3x2'3cm.  The 
maximum  radial  thickness  of  the  secondary  wood  is  5-8  cm., 
but  we  cannot  be  certain  that  its  whole  thickness  is  preserved. 
Assuming,  however,  that  we  have  the  whole  thickness  of  the 
w<Kxl,  the  radius  of  the  stem  up  to  the  cambium  would  have 
been  over  7  cm.,  and  its  diameter  over  14  cm.  We  cannot 
tell  what  was  the  diameter  of  the  whole  stem,  for  we  know 
nothing  of  the  cortex.  No  authentic  sfKximen  of  Lygmo^ 
iiendron  which  we  have  seen,  however,  has  secondary  wood 
of  a  greater  thickness  than  about  6  mm. ;  so.  if  we  judge  by 
this  dimension,  the  stem  in  question  must  have  been  nearly 
ten  times  as  large  as  that  of  any  undoubted  I.y^inoihndron 
in  the  Williamson  Collection.  Unfortunately,  the  only 
structure  p!ci«-rvc<l  is  that  of  the  secondary  wov»d.  Its  general 
anatomy  is  itlmtit.il  with  that  of  lertain  specimens  of /.r^^- ///<>- 
Jtn.ifi'N.  I  iir  tr.lv  liri»l>  .lie  .smaller  than  is  u.su.il  in  /.\i;tNO' 
l/<^'.//.//.  t>iit  n<'t  .mi:. till  r  tli.iii  \\\  >oine  uiul«>uhti*(l  stiins  ot 
tli.it  plant.  1  iir  laili.il  M<ti.'n  sh"\\>.  thv  murifoim  r.iys 
.ii.tl  the  pitN  «»n  thf  ual!^  oi  tin  ii.uhriiN.  which,  m  .st>  l.ir 
.!"♦  ihrir  pn-(i\al!on  a!!«»\Ns  «•!  i  fir.|».iii-  n.  .ij^itc  \eiy  ucll 
uitli  lh'*»r  «'l  'Uf  plant.  1  hi  pith  is  n»inpKlri\  ih^-oi^ani/i  d, 
.iT:(i  notra'Ti'l  \\\r  pnniai)  \\o<iiItan  l>i-  ii-^  o^jn.i'ii.  1  hcie 
i'».  h'>W(\M.  .1  ?:aii"\\  nu'ompali-  /one  ol  nitcrna!  stCon<!.iry 
wix  i|.  liistim  t  !i  in  ihr  ic?il.al  tin-  mai,Mn"t  thr  jmIIi  whuh 
irv.i..^  th«-  .i:.«»n!al- -Us  inrtiull.iiy  li^-'-uc  Nomitmu--*  louiiil  in 
/  :.i»/.  ./V»/.//. '/  .'\Ith«»u;;h  tlif  p.iic*iuh\nia  «•!  tlu  pith  has 
jrff.^htil     the    i.i\slN-    icntatn--    i  in  tils    « •:    I'.aiK     binun    itlls, 

I    : 
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which  are  much  like  the  sclerotic  nests  characteristic  of  the 
pith  of  Lyginodendron.  On  the  whole,  until  some  other  fossil 
has  been  found  which  agrees  better  with  this  doubtful  stem, 
we  think  there  is  a  presumption  that  it  really  belonged  to 
a  Lyginodendrofi,  or  to  some  plant  of  the  same  type  of 
structured' 

An  examination  of  additional  sections  cut  from  Mr.  Nield's 
specimen  has  furnished  a  few  more  facts  as  to  the  anatomical 
structure,  and  the  main  object  of  the  present  paper  is  to 
amplify  and  illustrate  by  means  of  a  few  figures  the  description 
given  by  Williamson  and  Scott.  The  material  on  which  the 
following  account  is  based  consists  of  (i)  the  water-worn  block 
mentioned  by  Wilh'amson  in  1873,  and  now  in  the  Botanical 
Department  of  the  British  Museum ;  (2)  twelve  sections  in  the 
Botanical  Department ;  and  (3)  the  following  sections  in  the 
Williamson  Collection^  (British  Museum),  viz.  Nos.  1131, 113^ 
1133,  1 1 83,  1184,  1185.  All  the  sections  have  been  cut  from 
the  single  specimen  supplied  to  Professor  Williamson  by 
Mr.  Nield.  In  PI.  V,  Fig.  i,  is  represented  a  photographic 
reproduction  of  a  transverse  section.  The  diameter  of  the 
pith  and  wood  has  already  been  given.  The  large  pith  is 
seen  to  be  partially  occupied  by  irregular  patches  of  tissue, 
which  in  longitudinal  section  (Fig.  2)  assume  the  form  of 
broken  transverse  bands.  The  inner  margin  of  the  secondary 
wood  consists  of  small  dark  bands  separated  by  lighter 
radially-elongated  spaces.  This  is  more  clearly  seen  in  Fig.  6 
and  in  the  lower  part  of  Fig.  3 ;  the  lighter  and  broader 
patches  were  originally  occupied  by  medullary-ray  tissue,  and 
the  darker  lines  represent  the  internal  limits  of  rows  of 
secondary  tracheids.  In  Fig.  j ,  and  more  clearly  in  Fig.  6, 
the  continuity  of  the  inner  margin  of  the  wood  is  interrupted 
at  three  points,  /.  /,  and  f\  which  mark  the  position  of  out- 
going groups  of  xylem-elcments,  probably  leaf-trace  bundles  ^. 

»  Phil.  Trans.,  Vol.  i86  (1895^  B.  p.  74a. 

*  There   arc  also   two  small  sections  in   a  collection  of  fossil  plants  in  the 
Botanical  Museum,  Cambridge. 

*  These  groups  of  tracheids  in  passing  through  the  secondary  xylcm  of  the  stem 
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The  dark  concentric  lines  seen  in  a  transverse  section  of  the 
wood,  and  especially  well  marked  on  the  right-hand  side  of 
the  photograph  (Fig.  i),  are  for  the  most  part  due  to  the 
occurrence  of  lines  of  narrower  tracheids,  locally  developed  in 
response  to  some  influence  which  was  much  too  irregular  to 
be  the  result  of  seasonal  changes.  In  Fig.  -i  the  wood  and 
pith  are  shown  in  radial  section  :  the  mottled  appearance  of 
the  former  is  due  to  the  numerous  and  large  medullary  rays 
which  form  a  characteristic  feature  of  the  stem.  In  Figs.  3 
and  4  the  character  of  the  wood  is  more  clearly  seen ;  the 
lower  end  of  I*'ig.  3  is  in  the  immediate  neighbourhood  of 
the  inner  limit  of  the  wood,  and  here  the  trachcids  are  fewer 
in  number  and  farther  apart  than  in  the  more  external  portion 
of  the  wood.  The  spaces  between  the  narrow  and  curved 
rous  of  trachcids  correspond  to  those  seen  less  distinctly  in 
Fij^s  I  and  6 :  in  this  region  of  the  stem  the  medullary- ray- 
[>artnchyma  has  usually  disap|)cared. 

The  xylem  i^  entirely  c<)mi>ost*d  of  tracheids  with  reticu- 
latcly-pittcd  radial  walls  (Fig.  .'|);  the  nature  of  the  pitting 
on  the  tracheids  which  form  the  innermost  limit  of  the  wood 
cannot  be  clearly  seen  owing  to  imi>erfect  prescr\'ation.  The 
xylem-elements  arc  arr.uigrd  in  radial  rows  varying  in  breadth 
fr«»m  oT)c*  r«»w  «'f  traclu-itK  to  bands  compc»s<»(l  of  eight  rows. 
In  tra^in^;  Ij.m*!-*  «»i  tracheitis  towards  the  |)eriphcry  of  the 
'^tcm  thi  nuinlxr  «»!  tlunrnls  cotn|»«»sing  any  one  band  in 
a  t.tn/tntial  <!irrction  is  lo'ni.l  to  \ar\*  rtinsitleral)lv,  as  the 
%v>\\\\  o:  the  itilcual.iti««n  ot  luw  rows  <»r  of  a  iiish>n  iKlween 
ati.iirnt  l).ii.i!s.  1  hr  mcMlull.iry  rays  consist  of  raiiially 
I  I'Mi/.itui  pari  IK  h\in.i!ous  iilN  i.i  onr  to  ten  rt>\vs  it)  l)rc.idth, 
ihr  .r.tra  k  brtnlth  ■  •!  a  r.iy  being  neatly  ctiual  t'»  that  of  the 
tr.ixh'  -.'ill  l».i.M(is     Thr  i>r.»ad  fnolnllarv  rav»  ;M\e  t»  lheu«MMl 

9  9  f  • 

thr  « li.ii.i' t' n-tii  .i|»  ifuaiuc'  n«»tiiiii  in  tl)i'  ilc-*  liption  «>l 
I  1,  :.  1  -w.if'Is  tin  inn«  f  iii.ii:-in  «•!  lhi«»  \\«»«m1  tin- n:<  <hillar  v- 
r.i\  ill!-  .irr  usii.ill\  .ibsi  III.  hut  in  placts  whrtr  thrv  h.ivc 
Imc:;   pirtr.'i!   \\\\  \    .iff  !..inul   to  l>r   t.i:i;;entiall\   clt)n|,j.itcti 
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between  the  widely  separate  bands  of  xylem.  In  Figs.  7  and  8 
the  wood  is  shown  in  tangential  and  radial  section ;  in  the 
former  the  polygonal  cells  of  the  medullary  rays  are  seen  to 
occupy  long  and  narrow  meshes,  usually  with  pointed  ends, 
in  a  framework  of  tracheids.  No  trace  of  bordered  pits  has 
been  noticed  in  the  tangential  walls  of  the  wood-elements. 
In  radial  section  (Fig.  8)  the  reticulate  pitting  is  found  to  be 
fairly  well  preserved,  but  the  borders  of  the  pits  are  for  the 
most  part  imperfect  (Fig.  5) ;  the  medullary-ray-cells  present 
the  characteristic  appearance  of  radially-elongated  parenchy- 
matous cells,  with  here  and  there  dark  patches  suggesting  the 
contents  of  secretory  cells.  Seen  under  a  higher  power, 
the  radial  walls  of  many  of  the  tracheids  are  found  to  be 
traversed  by  sets  of  parallel  and  obliquely  running  lines.  It 
is  difficult  in  many  cases  to  determine  how  far  such  parallel 
markings  on  the  xylem-elements  of  fossil  plants  are  the  result 
of  cleavage  in  the  infiltrated  mineral  substance,  or  to  what 
extent  they  are  the  expression  of  some  histological  feature. 
In  the  tracheids  of  fossil  coniferous  wood  we  frequently  find 
delicate  and  regular  lines  agreeing  very  closely  in  appearance 
with  the  striation  characters  of  recent  tracheids,  and  probably 
due  to  the  emphasizing  by  ferment-action  and  decay  of  the 
original  striations  in  the  substance  of  the  tracheid-walls.  In 
the  present  instance  it  is  probable  that  the  lines  referred  to 
are  in  some  measure  due  to  the  original  striation  of  the 
tracheids. 

The  structures  hitherto  described  in  detail  constitute  the 
secondary  centrifugally-developed  wood.  If  the  rows  of 
tracheids  in  the  secondary  wood  be  traced  to  their  inner 
termination,  they  are  found  to  taper  off  to  an  acute  apex, 
or  to  merge  into  a  small  group  of  tracheids  in  which  the 
radial  arrangement  is  either  entirely  absent  or  indistinctly 
marked.  As  already  pointed  out,  the  mcdullary-ray-cells 
have  usually  been  destroyed  in  this  region,  and  the  spaces 
separating  the  inner  terminations  of  the  tracheid  bands  are 
often  bounded  by  a  fairly  regular  line,  concave  towards  the 
pith  ;  this  marks  the  limit  of  decay,  and  recalls  to  some  extent 
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the  appearance  presented  by  the  broad  medullary  rays  uf 
a  Catamite  stem  (PI.  VI,  Fig.  10).    In  the  parenchymatous 
tissue  internal  to  the  tapered  ends  of  the  trachcid*rows,  and 
to  a  less  extent  in  the  broad  medullary*ray-tissueSy  there  are 
found  several  patches  of  black  substance  which,  no  doubt« 
mark  the  position  of  secretory  cclb.     Internal  to  the  centri- 
fugal xylcm  there  extends  round  the  periphery  of  the  pith 
a  series  of  short  rows  of  tracheids,  often  arranged  in  groups 
with  a  fan-like  dis|x>sition  and  with  the  apex  facing  the 
centrifugal  wood.     These  series  of  tracheids  are  separated 
here  and  there  by  distinct  medullary  rays.    This  inner  and 
much  smaller  zone  of  secondary  tissue  constitutes  the  centri- 
petally-developed   xylem.     In  PI.  V,  Fig.  6,  the  faint  line 
immediately  internal  to  the  centrifugal  wood,  and  surrounding 
the  pith,  marks  the  position  of  the  centripctally-developcd 
tracheids ;    these  are  also  semi-diagrammatically  shown  in 
PI.  V'l.  Fig.  1 4 jr.    In  PI.  VI,  Fig.  10,  the  inner  limit  of  the 
centrifugal  wood  is  shown  on  either  side  of  a  bay  forming 
a  break  in  the  outer  ring  of  xylcm,  and  probably  due  to  an 
outgoing  Icaf-tracc-bundle.     In  PI.  VI,  Fig.  16,  a  fairly  well 
prcscr\'ed   portion  of  the  centripetal   xylem  is  figured ;    it 
consists  of  rows  of  tracheids,  sometimes  as  many  as  sixteen 
tracheids  occurrin^^   in  a  sin^^lc  radial  scries,  separated  by 
bandn  of  iiniHrrfc-ctly  preserved    nic(lullary-ray-|>arcnchyma. 
The  ratiial  walls  t>f  these  tracheui>  a|)|H:ar  to  have  the  same 
form  of  pitting  .is  occurs  in  the  centr:fu^alIyMlcvelt)|Kxi  xylcm. 
Internally  the  icntri{K:taI  rin^  is  succceileil  by  very  im|)cr- 
fcctly  prcserveil  tissue,  but  in  s-»me  places  it  can  be  readily 
»ecn  th.it  a  inerisnutic  layer  existed  on  the  pith-siiic  uf  the 
inner  nn^  of  wo<k1.     The  crushed  and  |>artially  disor^^anized 
tissue  tnteriKil  ttj  the  uiuid  contains  numerous  ilark- coloured 
futchcs   of   ttsMic  u)  and  an  .ihundance  «>f  M.-creti>ry  cells. 
I'hc  ft  inner,  uf  uhich  one  (j)  is  sho\%n  in  Fi^.  i^,  internal  to 
the    iciitri]»tt.il   utMiii,  arc    nests   tif  sclerous   cells,  of  which 
sc\'rr4l  cKoir  in  the  region  «if  the  pith  (Ki^.  tO).     In  a  hm^^i- 
tudinal    scxti  ^n    the    renuins   uf  ph  It  le  in -tissues    are   found 
mtcfnal  tu  the  centri|H:tal  xylcm»  and  in  many  places  the 
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tissues  have  been  torn,  apparently  along  the  line  of  cambium, 
which  gave  rise  to  the  centripetal  xylem.  Internal  to  the 
phloem  a  patch  of  medullary  parenchyma  is  preserved,  con- 
taining a  sclerous  nest  and  several  black  patches  of  secretory 
cell-contents. 

Reserving  for  further  consideration  the  nature  and  relations 
of  the  centripetal  and  centrifugal  xylem^  we  may  pass  on  to 
describe  the  pith.  In  Plate  V,  Fig.  a,  the  lighter  portions  in 
the  pith  mark  the  spots  where  the  tissues  have  been  destroyed 
and  their  place  taken  by  mineral  substance ;  the  dark  patches 
represent  parenchymatous  tissue  containing  numerous  sclerous 
nests,  which  appear  as  dark  dots  in  the  photograph,  and 
secretory  cells.  On  examining  transverse  and  longitudinal 
sections  of  the  pith  under  a  low  magnifying  power,  one  sees 
distinct  signs  of  active  merismatic  division  as  expressed  by 
the  arrangement  of  parenchymatous  cells  in  regular  serial 
rows.  Some  of  the  darker  portions  in  Fig.  a  consist  of 
secondary  parenchyma  developed  from  a  zone  of  meristem 
situated  on  the  external  limits  of  the  darker-coloured  and 
rounded  outlines  of  the  tissue- patches.  In  Fig.  14  a  portion 
of  the  pith  is  represented,  very  slightly  enlarged  ;  immediately 
internal  to  the  centripetal  wood  there  are  patches  of  paren- 
chymatous tissue  containing  secretory  cells  and  three  sclerous 
nests ;  internal  to  this,  and  separated  from  it  by  an  intervening 
band  of  mineral  matrix,  we  have  a  mass  of  parenchyma  of 
which  a  considerable  portion  is  made  up  of  a  scries  of  regular 
radiating  rows  of  elements  formed  by  cambial  activity,  the 
cambium  being  situated  at  the  inner  edge  of  the  secondary 
tissue  (c).  This  secondary  medullary  parenchyma  presents 
the  same  appearance  in  longitudinal  as  in  transverse  sections. 

In  describing  the  occurrence  of  anomalous  xylem  in  the 
pith  of  Lyginodendron  Oldhamiuniy  Williamson  and  Scott  ^ 
point  out  that  in  some  cases  the  cambium  gives  rise  to  secondary 
parenchyma  instead  of  xylem  and  phloem.  The  secondary 
parenchyma  in  the  pith  of  Lyginodendron  robustum  is,  on  the 

'  Loc.  cit.,  p.  722.    See  also  the  reference  on  p.  723  to  '  Some  specially  com- 
plicated forms  of  anomalous  tissue  in  the  pith  of  Lyginodendron  Oldhamium^ 
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other  hand,  a  product  of  a  meristem  internal  to  the  centripetal 
wood.  A  tissue  of  precisely  similar  appearance  occurs  in 
a  specimen  of  Lyginadendnm  OUkamimm  which  Williamson 
figured  in  his  Memoir  IV  (1873),  PI  XXII,  F«.  4>.  The 
dark  patches  of  tissue  internal  to  the  wood  consist  of  radially- 
disposed  rows  of  parenchyma  developed  by  a  zone  of  cambium, 
and  exactly  corresponding  in  structure  with  the  masses  of 
tissue  in  the  pith  of  Ly^inodendron  rcbMstum,  It  is  conceivable 
that  the  secondary  parenchyma  may  be  of  a  corky  nature, 
and  analogous  to  the  periderm-tissue  described  in  the  pith  of 
Stmngtrim paradoxal  and  in  some  stems  of  BenmetHtesK 

There  remains  to  be  considered  the  nature  of  the  xylem* 
bands.  Unfortunately  the  tissues  between  the  outer  edge  of 
the  centripetal  xylem  and  the  inner  edge  of  the  centrifugal 
xylem  are  very  imperfectly  preserved.  In  a  few  places, 
however,  the  two  bands  of  wood  are  seen  to  be  in  direct 
continuity.  The  tracheids  of  the  two  zones  of  wood  are 
frequently  separated  by  a  gap  in  the  tissues;  and,  at 
previously  noticed,  the  bands  of  centrifugal  wood  when  traced 
to  their  inner  termination  often  pass  into  groups  of  tracheids, 
which  do  not  show  anything  of  the  regular  arrangement  cfaarac- 
teristic  of  secondary  xylem.  In  Plate  VI,  Fig.  12,  and  In 
Figft.  9  and  1^.  the  characteristic  appearance  of  the  imperfectly 
minerali2!ci!  tissue  lK*twccn  the  two  sets  of  xylcm*elements  is 
reprr<«entcd.  In  cmc  or  two  places  between  the  centripetal 
and  crntrifugal  wo<xl.  traces  have  been  observed  of  tracheids 
showing;  indications  of  spir.il  thickening  ;  it  is  possible  that 
thc^  m.iy  be  the  pmtoxylcm-clcments  of  the  primary  wood, 
but  the  prcscr\'ation  is  hardly  such  as  to  justify  any  very 
decided  »t4temcnt. 

This  hrinj^s  us  t<»  a  comixirison  with  the  structure  of  the 
xylrm  AS  descrilieti  by  Williamson  and  Scott  in  I.y^inodendrom 
Oldhaminm   (Hinney).     In    that    sfHrcies    the    centrifugally- 

'  N-«  i>4^   (  f  fttftii  1114.  iiiH*iMl«i(hrrk|«cimmtintbc  WiUUnuixiCullcction. 

*  i  a|i>-Iiii.i  aiHl  .Vilnit-lauloch.    I   Irunchi  di   lldmrttUffC   .Mm.  K.  AecAd. 
S4   Inti    |i(»iui;iu  ,  Vul.  11,  iSyi.  |«.  4II.  Ilale  V,  l-ifs.  a,  5. 
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developed  secondary  xylem  agrees  in  the  main  very  closely 
with  that  of  the  stem  described  above.  On  the  inner  side  of 
the  centrifugal  wood  there  occur  in  Lyginodendron  Oldhamiunt 
groups  of  primary  xylem  ;  each  group  represents  a  leaf-trace- 
bundle  and  possesses  a  well-defined  mesarch  structure,  the 
position  of  the  primary  xylem-elements  being  recognized  by 
the  presence  of  the  narrow  spirally-thickened  protoxylem- 
tracheids,  and  the  larger  scalariform  tracheids,  in  addition  to 
the  reticulately  marked  elements  ^  In  some  examples  of 
Lyginodendron  Oldhamium  an  inner  zone  of  centripetal  xylem 
has  been  described,  probably  identical  with  that  in  Nield's 
specimen.  This  inner  xylem  is  described  by  Williamson  and 
Scott  as  *  anomalous  wood/  and  compared  with  similar 
structures  in  certain  recent  Dicotyledons  ^.  In  attempting  to 
establish  the  precise  affinities  of  the  stem  under  discussion  it 
is  extremely  important  to  decide,  as  far  as  possible,  whether 
or  not  there  are  any  traces  of  primary  xylem  like  that  of 
Lyginodendron  Oldhamium,  Owing  to  the  imperfect  state  of 
preservation  in  that  part  of  the  stem  where  the  primary  xylem 
should  occur,  it  is  very  difficult  to  give  a  decided  and 
satisfactory  opinion  as  to  the  original  existence  of  such 
primary  groups  as  occur  in  the  previously  recorded  examples 
of  the  genus. 

It  is,  in  the  first  place,  conceivable  that  the  primary  xylem- 
elements  have  become  disorganized  during  the  growth  and 
increase  in  thickness  of  the  stem.  This  possibility  necessitates 
considerable  caution  in  relying  on  negative  evidence.  On  the 
other  hand  there  are  certain  appearances  presented  by  sections 
of  Nield  s  stem  which,  without  absolutely  proving  the  existence 
of  primary  xylcm-tracheids,  render  it  probable  that  traces  of 
such  groups  have  been  partially  preserved.  There  are  often 
found  groups  of  tracheids,  or  occasionally  single  isolated 
tracheids,  between  the  radially-disposed  bands  of  centrifugal 
and  centripetal  wood.  These,  it  may  be,  are  portions  of 
primary  xylem-strands.     The  unfortunate  imperfection  in  the 

*  See  the  figures  and  descriptions  in  Williamson  and  Scott*s  paper. 
'  Williamson  and  Scott,  loc.  cit.,  pp.  72a,  723. 
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mineralization  of  the  tissues  in  this  region,  renders  it  im- 
possible to  make  use  of  such  characters  as  the  nature  of  the 
pittin{^  as  a  distinguishing^  feature  of  the  primary  xylem- 
tracheids.  In  Lxf^inodendron  Oldhamium,  for  example,  the 
scalariform  character  of  the  tracheids  aflords  a  convenient 
distinguishing  feature  of  the  primary  xylem  in  longitudinal 
section.  In  one  or  two  longitudinal  sections  imperfectly 
preserved  tracheids  have  been  detected  of  which  the  faint 
traces  of  pitting  suggest  the  scalariform  tyf)c,  such  as  occurs 
in  the  primary  xylem  of  I.ygimHiendron  OUhamitim,  but  the 
e\*idcnce  is  insufficient  to  be  cited  as  absolute  proof. 

In  PLite  V,  Fig.  6,  at  /  and  /",  is  shown  a  group  of 
tracheids  in  contact  laterally  and  distally  with  the  main  mass 
of  centrifugal  xylem ;  these  groups  are  probably  leaf-t race- 
bundles  on  their  wav  to  the  surface  of  the  stem.  In  Plate  VI, 
^'i^^•  '5-  •**  single  leaf-trace  is  seen  under  a  higher  magnifying 
power ;  the  dark  lines  indicate  the  <iirection  of  the  rows  of 
tracheids,  and  the  crntripclal  xylem  is  rcprt*scnted  at  jr.  It 
1^  not  |K)Ssible  to  recognize  at  the  proximal  end  of  the  out- 
going leaf-trace- bundle  any  definite  indication  of  primary 
xylrm-clemcnts ;  the  space  may  l>e  in  |>art  the  result  of 
tc:irmg  «»f  ihc  tissues  in  the  iinmrdiate  ncii^hbourh<HKl  of  the 
primary  trarhri<!H.  In  aT)'»th<-r  section  showirig  a  leaf-trace- 
bun<!l<-  in  a  -^irnil.ir  p-sition  to  tli.it  n  prcst  nted  \\\  l*'i;^.  1  •;, 
tlicro  .irc  ;'r'»i:;»s  «.i  t.iirl\  tliii  k  \\.illr«l  elements  Ivin*'  alxait 
intrrn.il  t«i  \\\r  \a\\  A\A\n  k\  lr.i«r.  tlu->t:  m.iv  Im'  p«»rti<>ns  (»f 
\\\r  prjin-iry  whin.  At  tl;<  <1in1.iI  t-r.*!  «»f  a  ^nnu  what 
«'S!nj^:r!y-»  i:l  li'.it  \\  v  r  .l^  •«<  «n  in  .1  trinsvcT^**  set  t ion  of 
ihr  ».t«  rn  tlurt*  i**  .1  i:..i-s  *\\  n.irr«»\\  avA  r.i<li.illv-rlMn;'atc'd 
j»  4r»iu  IsN  n'.it'»-:N  •«  Is.  In  l.in;V'"*!»l  *■«'<  lions  <.f  tiic  stnn 
tlic  \va\  !r  ii  rlr.tii!i  s  .trr  vt  n  jM  s  !.■;  thi«»n.;li  the*  crntiiliiLj.il 
xy'.''::i.  .ttni  :r.  tin  :r  mirnr«!i.it<  iiM.;h^«i  irh- •.»«!  llu*  tr.4«  hcidN 
oi  *\\r  \v..nl  I  \liil>:t  *  \t  t.i- 'i(!it!.if  V  t  ••nt"rti"n-.  In  \'\\\  11 
"'  ii:f  •!  \\\*-  ^\\i  I'W'.v  •iirw'!  i  f-Tit;  il-..;  il  tfaili«i<is  arr  sh' iW  n 
:n     «     ;i:.r\ii!i    with    .iii    ••:ii/.,iii'     !r  at-tia\.r '.       *  »nr    «»!    thr 

'     \   ■•  ■  »   1.    ..  a:  a;  i-  *ii..  t   i»  ,  fr  wi.!'   :  J*   1  :*   ,;«   .'.  I.  V     !.■:...(•«   alAM..*'' 4-. 
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small  sections  (1185)  in  the  Williamson  Collection  shows  the 
strongly  marked  curvatures  of  the  tracheids  remarkably  well. 

It  has  been  pointed  out  by  Williamson  and  Scott  that  in 
Lyginodendron  Oldhamium  the  internal  cambium  may  arise 
*  partly  from  the  parenchyma  of  the  primary  xylem,  so  that 
some  of  the  tracheae  belonging  to  the  latter  have  been  carried 
inwards  into  the  pith  ^/  By  this  means  the  original  position 
of  the  primary  xylem-elements  would  be  altered,  and  their 
subsequent  recognition  rendered  more  difBcult.  This  possi- 
bility should  be  borne  in  mind  in  connexion  with  the  apparent 
absence  of  primary  xylem-strands  in  Nield's  stem. 

To  compare,  briefly,  Lyginodendron  Oldhamium  and  the 
larger  stem  described  above,  as  regards  the  centrifugal  wood, 
there  is  on  the  whole  a  very  close  agreement ;  but  a  careful 
comparison  of  sections  from  the  British  Museum  stem  with 
numerous  examples  of  Lyginodendron  Oldhamium  confirms 
the  opinion  expressed  by  Williamson  and  Scott,  that  in  Nield's 
specimen  the  tracheids  are  somewhat  smaller  than  in  the 
undoubted  examples  of  Lyginodetidron,  In  Lyginodendron 
Oldhamium  the  medullary  rays  are  usually  narrower,  and 
smaller  in  proportion  to  the  breadth  of  the  tracheid-bands 
than  in  the  larger  stem.  The  anomalous  wood  described  by 
Williamson  and  Scott  in  some  examples  of  Lyginodendroti  is 
precisely  similar  in  structure  to  the  ring  of  centripetal  wood 
in  Nield's  stem.  In  some  examples  of  Lyginodendron  Old- 
hamium the  tissues  of  the  pith  present  the  same  regular 
radial  arrangement  of  parenchymatous  cells  as  in  the  large 
stem.  The  sclerous  nests  and  secretory  sacs  are  practically 
identical  in  distribution  and  appearance  in  Lyginodendron 
Oldhamium  and  Nield's  stem. 

In  transverse  sections  of  Lyginodendron  Oldhamium  one 
occasionally  finds  that  the  secondary  centrifugal  wood  and 
the  primary  xylem  assume  the  appearance  of  an  almost  con- 
tinuous band  without  any  obvious  division  between  them  ; 

stem,   figured   by   Renault   in  a  'Notice  sur   les  Calamariees.'      Autun,    1895, 
PUte  IV,  Fig.  6. 
*  Loc.  ciL,  p.  723. 


Knowledge  of  Lyginodendron.  77 

presenting,  in  fact,  an  appearance  very  similar  to  that  already 
noticed  in  certain  parts  of  the  large  stem '.  Sections  olLygimo^ 
demdrom  Oldkamium  occasionally  show  an  apparent  continuity 
between  the  centrifugal  and  centripetal  xylem-bandt,  the 
primary  xylem  being  sometimes  disturbed  and  much  less 
obvious  than  in  other  parts  of  the  section. 

In  the  remarks  on  two  sections  (Nos.  1119  and  1150) 
written  in  the  catalogue  of  the  Williamson  Collection,  the 
great  breadth  of  the  medullary  rays  is  pointed  out ;  the 
secondary  wood  in  the  specimens  is  very  similar  to  that 
in  Ntcld*s  stem,  but  the  tracheids  in  the  former  are  sh'ghtly 
wider.  The  same  sections  show  also  the  curving  of  the  inner 
ends  of  the  tracheid-bands,  as  in  the  large  stem  ;  the  groups 
of  primary  xylem  in  these  sections  present  a  crushed  appear- 
ance and  are  separated  by  wide  intervals.  The  general 
appearance  of  the  sections  is  exceedingly  close  to  that  of 
Nields  plant'.  The  comparison  of  several  specimens  of 
LygincdemdroH  Oldkamium  with  the  stem  under  discussion, 
as  regards  the  manner  of  occurrence  of  the  primary  xylem, 
renders  it  probable  that  the  absence  of  any  direct  prcof  of 
the  existence  in  the  latter  of  undoubted  primary  elements  by 
no  mcan«(  negatives  the  idea  that  the  plant  originally 
possessed  primary  xyicm-strands  similar  to  those  of  the 
former  sficcics.  A  tangential  •section  throui;h  the  wood  of 
Ly-f^woihuiiron  ( UtihtUNium  presents  the  appearance  of  longer 
and  narrower  medullary  rays  than  those  represented  in  IM.  V, 
Fig.  7  ;  but  althou^^h  there  is  a  faiily  constant  difference 
in  this  rc3i|>cct.  by  examining  a  .suAicieiit  number  of  sections 
it  i^  poNftible  to  match  fairly  closely  the  various  structures  in 
the  two  setN  i>f  s|M-t  imcns. 

The  (general  conclusion  arrived  at  may  be  briefly  stated  as 
follows.       I  he    lar^e   stem  which   forms  the  .subject  of  the 

'    r    1^     N'-     iliiJir.  t'r  \\  lilisliiMift  I  iillrct|i4i 

'  Wi.]i«niM<n  liiiiiifil  I'ir  K\tme  n •rinl'Uiicc   in  the  winwI  !•(  tlir  two  tcctinat 

in*f  ir.!   Ill''    !••  that  ol  Nirlfl'i  tt^itmrfi.     In  h\%  c»l«l(»g«r  br  i|irakt  uf  ike 

v..«l  %tm\  tiir-fb'Ury  ri\«  i4  lhr«<>  two  •r.fitrfit  At  |*rawlt«:AU)r  t««i«in|>  ibc  idcttttty 
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present  paper,  should  be  placed  in  the  genus  Lyginodendron, 
but  is  in  all  probability  not  specifically  identical  with  Lygino- 
dendron  Oldhamium  (Binney).  No  actual  proof  of  the 
occurrence  of  primary  xylem-tracheids  has  been  discovered, 
but  such  evidence  as  is  available  is  favourable  rather  than 
opposed  to  the  original  existence  of  such  primary  strands. 
As  a  convenient  designation  of  Nield's  large  stem,  of  which 
the  diameter  must  have  been  very  considerably  greater  than 
in  any  previously  known  specimen  of  the  genus,  we  may 
adopt  the  name  Lyginodendron  robiistuvt. 

With  reference  to  the  numerous  examples  referred  to 
Lyginodendron  Oldhamium^  Williamson  and  Scott  write: 
'All  the  forms  with  which  we  are  concerned  may  be  pro- 
visionally referred  to  the  same  species,  or  rather  type,  Lygino- 
dendron Oldhamium,'  As  these  words  imply,  it  may  be 
possible  with  more  complete  knowledge  to  recognize  additional 
'  specific  types  among  the  numerous  examples  of  the  genus. 
As  regards  a  comparison  with  recent  plants,  the  most  striking 
resemblance  is  that  between  the  centrifugal  wood  of  Lygino- 
dettdron  robustum  and  the  wood  of  Cycadean  stems.  An 
examination  of  sections  of  the  secondary  wood  of  Cycas^ 
Stangeria^  and  Macrozamta  reveals  the  closest  possible 
resemblance  with  Lyginodendron,  In  the  stems  of  Cycas 
and  Macrozamta,  however,  the  wood  does  not  form  a  broad 
continuous  band  as  in  Lyginodendron  robustum^  but  consists 
of  concentric  zones  developed  from  successive  meristems. 
The  cycadean  nature  of  the  centrifugal  wood  oi  Lyginodendron 
Oldhamium  has  been  previously  pointed  out  by  Williamson  and 
Scott^  and  others '^jbut  the  much  larger  size  of  the  stem  oi  Lygi- 
nodendron robustum  makes  the  resemblance  still  more  striking 
than  in  the  much  smaller  form,  Lyginodendron  Oldhamium, 

In  1879  Renault  described  a  new  type  of  a  Palaeozoic 
plant  from  the  well-known  silicified  beds  of  Autun,  to  which 
he  gave  the  name  Cycadoxylon  Fremyi^.      A  comparison  of 

*  I^oc.  cit.,  p.  767.  ^  Solms-Lauhach,  Fossil  Hotany  1,1891),  p.  361. 

'  Structure  compariJe  dc  quclques  tigcs  de  la  Flore  Carbonifere  vNouv.  Arch. 
Mus.  Paris,  Vol.  ii  [2],  1879,  p.  283.  Sec  also  Clours  dc  botanique  fossile.  Vol.  i. 
(l88o\  p.  74,  Plate  XI. 
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the  figures  illustrating  the  structure  of  this  Autun  specimen 
with  those  of  LyginodendroH  rotmstum  brings  out  a  striking 
similarity  as  regards  the  structure  of  the  centrifugal  wood. 
The  tangential  section  figured  in  PI.  V,  Fig.  7,  of  the  present 
paper  is  very  similar  to  the  corresponding  section  of  Cycm* 
doxyhm  (Renault,  PL  XIV,  Fig.  la).  There  is  also  a  close 
agreement  betu^ecn  the  transverse  and  radial  sections  of  the 
wood  of  the  two  plants  (cf.  Renault,  PI.  XI V,  Figs.  10  and  1 1,  and 
Lyginodendran  rdmstmm^  Figs.  4,  8,  10,  16).  More  recently 
M.  Renault  has  supplemented  his  earlier  account  of  Cycadoxylom 
b>'  additional  figures  and  a  further  description  published  in 
an  important  work  on  the  coal-field  of  Autun  and  £pinac. 

The  following  description  of  the  structure  of  the  wood  as 
seen  in  a  transverse  section  of  CxcadaxyUm  Fremyi  illustrates 
the  most  striking  characters :  *  Le  systime  ligneux  est 
compose  d  un  cylindre  extcrieur  continu  d  arcs  ligneux  dis- 
perse dans  la  moelle  en  nombre  variable.  Le  cylindre' 
extericur  est  forme  de  series  rayonnantes  de  trachtides,  pone* 
tu^cs,  A  accroissement  centrifuge ;  les  bandes  ligneuses  int^ 
rieures  sont  constituces  par  des  scries  rayonnantes  sembbbles^ 
maisdont  laccroissement  est  centrip^ '  ^  Renault  compares 
this  genu^.  of  which  Cycadoxylom  Fremyi  is  the  only  example, 
» ith  rtyxhoxyUm  and  Medullosa.  The  centrifugal  and  centripetal 
bands  nf  xylcm  arc  srp.iratcd  fnnn  one  .mother  by  parcnchy- 
ni.itouN  tissue,  ami  there  is  no  indication  of  any  continuity 
Ijctwcrn  tlu-tn  in  a  radial  direction,  nor  arc  there  any  groups  of 
primary  xylcm  internal  to  the  centrifii^^al  wcxxi  such  as  occur 
in  /.tx*//r<v/i'W/(''/  OUhamtum,  Since  writing;  this  para|;raph 
I  have  had  an  opfMirtunity.  thrctu^h  the  kindness  of  M.  Renault, 
of  examin'n^  the  iiectionn  of  iycadi'xyUm,  In  one  .s|K*cimen 
a  ^rnall  ^roiip  of  primary  xylem  was  clearly  shown. 

I"    I'*;:     .'/*    M*'    .^  *'*    **^    *'*^    I'lore    fi»s>ile    d' Autun    et 
d'l  pin.ic.  a    |N>rtii»n  i»i  a  transverse   M-ction  of    (  Jh/i/iMi/ow 

'  l^ttin  M'-Ui.iii  •■'Ai.tuu  ct  il  l-.piia.  I  imr  (uk^ilr,  Tl  II,  {•  yt^.  I  am 
..-  !'*trtt  til  M  krMu!t  Inr  Lin<!lir  Ki'«Ar<litt|*  mr  •  |  riNif  of  ihM  |uirt  «•!  hit 
it  nh  -n.i*  t:  «  r*  •'  !•  '•  •■»*«  with  •  r  4./.-ir<''*«  IHr  trtt  lit  ihu  «i»rk  h««  Miw 
••  |'«"*1       Tatiuiri,  |Si|7   1 
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Fremyi  is  represented,  showing  an  internal  and  narrow  band 
of  centripetal  xylem,  composed  of  tracheid-rows  separated 
by  broad  medullary  rays,  and  external  to  this  a  narrow  zone 
of  parenchyma,  followed  by  a  broader  zone  of  centrifugal 
xylem.  The  broad  band  of  the  latter  wood  consists  of  rows  of 
tracheids  and  broad  medullary  rays  practically  identical  with 
the  corresponding  xylem  of  Lyginodendron  robustum,  the 
centripetal  wood  is  also  precisely  alike  in  the  two  plants.  The 
absence  of  any  cortical  tissues  in  Lyginodendron  robiistum 
prevents  any  comparison  with  the  cortex  of  Cycadoxylon, 
'  Gum-canals'  are  fairly  numerous  in  the  tissues  of  the  latter 
genus,  as  in  Lyginodendron, 

In  the  pith  of  Cycadoxylon  there  appear  to  be  no  sclerous 
nests,  and  in  the  cortical  tissues  there  are  none  of  the  radially- 
disposed  bands  of  sclerenchyma  characteristic  o{  Lyginodendron 
Oldhamium,  As  at  present  defined,  the  genus  Cycadoxylon 
is  no  doubt  distinct  from  Lyginodendron ;  the  resemblance, 
which  is  indeed  particularly  close  between  the  centrifugal  and 
centripetal  wood  of  the  two  plants,  Cycadoxylon  Fremyi  and 
Lyginodendron  robustum,  is  one  based  on  secondary  structures. 
There  is  no  evidence  of  any  similar  agreement  as  regards  the 
more  important  primary  structures  ^ 

In  1878  2  Williamson  figured  and  described  three  sections 
of  a  fragment  of  wood  from  the  volcanic  ash  of  Arran  which 
he  named  Lyginodendron  anomalum,  A  re-examination  of 
the  sections  by  Williamson  and  Scott  led  them  to  regard 
the  specimen  as  having  *  nothing  in  common  with  the  genus 
Lyginodendron'  but  as  rather  comparable  with  Renault's 
Cycadoxylon  ^  In  transverse  section  the  Arran  fragment 
shows  bands  of  reticulately  pitted  tracheids  and  broad  medul- 
lary rays,  with  some  of  the  tracheids  occasionally  cut  across 
in  an  obliquely  longitudinal  direction.     In  tangential  section 

'  The  existence  of  a  group  of  primary  xylcin,  referred  to  in  a  previous  footnote, 
makes  the  agreement  still  closer. 

»  Phil.  Trans.,  1878  (Memoir  IX  of  Williamson),  p.  252,  Plate  XXV, 
Figt.  90-92.  The  specimen  from  which  the  sections  were  obtained  is  in  the 
Geological  Museum  of  the  University  of  Glasgow. 

'  Williamson  and  Scott,  loc.  cit.,  p.  770  (footnoted 
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we  have  an  irregular  network  of  tracheids  with  the  large 
meshes  occupied  by  groups  of  polygonal  parenchymatous 
cells.  The  tangentially-cut  medullary  rays  assume  the  form 
of  o\'al,  circular,  or  oblong  groups  of  cells,  bounded  by  the 
extremely  sinuous  and  contorted  tracheids.  The  chief  dif- 
ference between  the  tangential  section  of  Lyginodendran 
mmcmaium  and  Lygimodendron  robustum  consists  in  the 
broader  and  shorter  medullary  rays  of  the  former,  and  the 
more  irregular  and  sinuous  course  of  the  tracheids.  In  a 
section  through  the  centrifugal  wood  of  Lyginodendron  ro* 
bmstum  in  the  neighbourhood  of  an  outgoing  leaf-trace,  the 
tracheids  are  similarly  contorted  to  those  in  Lyginodendron 
mttomuflnm.  In  a  tranverse  section  of  the  former  passing 
through  a  leaf-trace-bundle,  as  shown  in  PL  V,  Fig.  6,  /  and 
/,  and  PI.  VI,  Fig.  15,  the  broad  distal  end  of  the  trace  is 
followed  by  long  and  narrow  parenchymatous  cells,  which 
have  accompanied  the  tracheids  from  the  inner  edge  of  the 
wood.  The  general  appearance  of  such  a  section  is  almost 
identical  with  that  of  a  transverse  section  of  Lyginodendron 
mnomalmm.  Such  a  comparison  suggests  the  possibility  that 
the  shorter  and  broader  medullary  rays  and  the  more 
irregular  course  of  the  tracheids  may  not  represent  the 
normal  character  of  the  stem  from  which  the  Arran  frag- 
ment was  ohtaincd,  but  that  thc^c  ap|>carancrs  may  Ix-  the 
result  of  *tmr  disturbing  influrncc  in  the  scc«mdary  wcmkI. 
The  rrscml>lanc'c  Ivtwcrn  i.xomHitfuirou  rohiiKtum  and 
I ygtniHifndioft  anomalum  as  irj^anls  the  stnutiirc  c>f  the 
w<iod  and  the  f«irm  of  the  nic<lullary  rays,  which  is  s|>ccially 
^trikin^  in  the  wocmI  of  the  former  s|M'cies  where  the  normal 
ftirm  of  the  r.iys  is  mfHlifiec!  by  the  liemlin^  of  the*  trachei'ln 
to  a  lraf-trare-l>un(ilr.  {v tints  to  the  |y»H<.iliility  of  the  two 
forma  l>rinj»  closely  allircl  to  one  another.  The  Arran  fia^^- 
ment  \\  miu'h  tcNi  small  ti«  allow  of  precise  itlriititicati<>n. 
but  the  strmture  of  the  w<mhI  renders  it  extremely  prolMble 
tlut  in  iy^tninifntifoH  iViK'malHw^^\\\,^  \%e  have  4  small  piece 
of  A  \\v\x\  ifthiih  {Hissessed  secondary  wimkI  of  the  c yea- 
dean  lyjir  very  similar  in  structure  to  that  of  LygifUHi^ndron 
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rohustum  and  Cycadoxylon  Fremyi,  In  the  absence  of  more 
complete  specimens,  it  is  impossible  to  decide  which  of  these 
generic  names  shall  be  adopted  ^  ;  but  the  Arran  plant  may, 
I  believe,  be  regarded  as  closely  allied  to  Lyginodendron 
Oldhamimn  and  Cycadoxylon  Freviyi,  The  figure  of  a  trans- 
verse section  of  Lyginodendron  anomalum  given  by  Williamson 
in  his  Memoir  IX,  PL  XXV,  Fig.  90,  does  not  bear  so  close 
a  resemblance  to  Lyginodendron  rohustum  as  is  apparent  in 
another  section  recently  cut  from  the  same  specimen  and 
now  added  to  the  Williamson  Collection.  In  this  section 
the  broad  medullary  rays  and  bands  of  tracheids  are  more 
regular  in  their  arrangement,  and  the  section  as  a  whole 
exhibits  a  striking  similarity  to  that  of  Lyginodendron 
robustuvi.  A  small  portion  of  this  section  is  shown  in  PI.  VI, 
Fig-  13  i  in  some  of  the  bands  of  tracheids  the  individual 
elements  are  occasionally  cut  across  obliquely,  but  on  the 
whole  the  structure  is  like  that  shown  in  the  figure. 

Without  attempting  to  give  a  specific  diagnosis,  we  may 
briefly  summarize  the  more  important  characteristics  of  the 
specimen  for  which  the  name  Lyginodendron  robustum  is 
suggested,  and  which  has  hitherto  been  spoken  of  as  *  Nield's 
specimen.*  The  centrifugal  wood  is  composed  of  reticulately- 
pitted  tracheids  somewhat  smaller  in  diameter  than  those  of 
Lyginodendron  Oldliaviium  ;  the  medullary  rays  are  rather 
broader,  and  there  is  a  more  regular  continuous  zone  of 
centripetal  xylem  than  in  Lyginodendron  Oldhamium.  In 
the  latter  plant  this  internal  development  of  xylem  is  found 
to  vary  considerably  in  amount  in  different  regions  of  the 
same  transverse  section.  In  the  transverse  section  1885  E 
(Williamson  Collection),  the  *  anomalous  wood '  is  well  shown, 
but  internal  to  one  of  the  primary  xylem-strands  it  is  absent. 

This  particular  group  of  xylem  is  seen  to  be  in  direct 
continuity   with    the   external    centrifugal    wood    in   such   a 

'  In  addition  to  the  sections  in  the  Williamson  Cabinet  (No.  1208  and  three 
others),  there  is  a  somewhat  larger  tangential  section,  apparently  from  the  same 
specimen,  in  the  Hinney  Collection  (^Cambridge).  The  original  specimen  is  in  the 
llunteiian  Museum,  Glasgow  University. 
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manner  as  to  dosdy  resemble  the  appearance  presented  by 
some  of  the  sections  of  Lyginodendron  rcbustum.  Williamson 
and  Scott  do  not  attach  the  slightest  importance  to  the 
anomalous  medullary  cambium  as  a  specific  character;  they 
point  out  that  'anu>ng  stems,  which  are  perfectly  similar  in 
other  respects,  some  show  it  and  some  do  not,  while  fat  those 
that  possess  this  anomaly,  the  d^ree  in  which  it  is  developed 
is  most  variable  ^' 

Numerous  sclerous  nests  and  secretory  sacs  occur  in  the 
pith  of  Lygimodet^rom  rcbusium^  and  the  latter  are  also 
present  between  the  centrifugal  and  centripetal  wood,  and 
in  the  mcdullary-ray-tissue.  An  extended  examinatbn  of 
several  sections  leads  to  the  conclusion  that  Williamson  and 
Scott's  opinion  that  Nield's  specimen  'really  belonged  to 
a  Lygtncdendron^  or  to  some  plant  of  the  same  type  of 
structuie,*  is  no  doubt  correct.  Lfginodendram  roimshtm 
represents  by  far  the  largest  stem  of  the  Lygimodendrom  type 
•o  far  recorded,  and  the  considerable  thickness  of  the  second- 
ary xylem  renders  more  obvious  the  dose  correspondence 
with  the  wood  of  recent  cycadean  stems,  than  is  apparent 
in  the  much  5ma]ler  stems  of  Lygimodendram  Oldhamium* 

In  certain  genera  of  fossil  plants,  one  of  the  most  prominent 
characteristics  is  the  very  close  resemblance  of  their  centri- 
fugal xylcm  to  the  wcmhI  of  recent  Cycads.  Lyginodtndron^ 
HfUran^utm  and  Cy%ado\yhm  aflforil  three  examples  of  such 
agreement,  and  other  (genera  miyht  be  mentioned.  It  is  not 
unusual  to  diMrover  s|)cciniens  of  plant-fragments  in  which 
the  secondary  xylcm-characters  are  clearly  preserved,  but 
from  which  it  is  im|K)S4iblc  to  formulate  a  complete  diagnosis. 

It  ih  often  tni{»<is<«iblc  to  rely  on  the  structure  of  the 
secondary  wo<h1  alone  as  a  mean  si  of  s|)ccific  or  even  generic 
identification  ;    but    the  nature  of  the   xylcm-clcments.  the 

*  1 0(  til  .  |>  *t\  Ktftni|ilr«  \A  !  ^^mcJtmJvam  OfJAimimm  tbiiwiac  *» 
ka#i|tt«I  i'.rvr'.o}  n.m'  t«l  irtitfi|K-tftl  •ihhI  arc  h|-or«-t|  tiy  WiUiaiu***!  Mrm  W  II. 
Ihtl  Ifan».  1^0  rutc  Mil.  frit:.  3  Ml  b>  \\ lUumti'O  aixI  S«.(*Ct  tl'hil.  Iiaiu., 
i*S5.  1^**^   Will,   f  i^    ^       liiith  •A.iitMit  mrtt  cat  lrt«n  the  mok  •|««:tnwn ; 
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structure  and  form  of  the  medullary  rays,  usually  enable  us 
to  refer  a  specimen  to  a  definite  family  or  group  of  plants. 
In  dealing  with  coniferous  wood  we  are  able  to  adopt  certain 
recognized  generic  designations,  such  as  Araucarioxylon^  Pity- 
oxylon^  and  others,  which,  as  somewhat  comprehensive  terms, 
are  extremely  useful  in  systematic  work.  The  term  Cyca-- 
doxylon  proposed  by  Renault,  if  extended  in  its  application, 
might  serve  as  a  general  generic  designation  for  plants 
possessing  secondary  xylem  closely  resembling  that  of  recent 
Cycads.  Such  a  term  would  be  particularly  useful  in  dealing 
with  imperfect  material ;  while  the  more  complete  data 
obtained  from  better  specimens  would  enable  us  to  make 
use  of  generic  designations  of  a  less  comprehensive  meaning. 

In  his  important  Memoir  on  the  comparative  structure  of 
certain  Coal-Measure  stems,  Renault  includes  the  three 
genera  Cycadoxylon^  Colpoxylon,  and  Medullosa  in  the  group 
Cycadoxyleae ;  and  as  a  characteristic  of  the  group  he 
mentions  that  the  genera  in  question  have  lost  the  centri- 
petal wood  in  their  stems,  while  retaining  it  in  their  leaves  ^. 
In  the  more  recent,  and  fuller,  account  of  Cycadoxylon^ 
Renault  figures  and  describes  well-marked  bands  of  cen- 
tripetal wood,  thus  necessitating  either  a  modification  of 
the  original  definition  of  the  Cycadoxyleae,  or  a  removal 
of  Cycadoxylon  from  that  group  of  plants  in  which  the  stem 
has  no  internal  centripetal  wood. 

If  Cycadoxylon  were  adopted  in  a  wider  sense  than  as 
defined  by  Renault,  it  would  be  the  more  appropriate  genus 
to  which  to  refer  Lygifiodcndron  anomalum.  In  the  case  of 
Lyginodendron  robustuvi  alone  it  might  perhaps  be  better  to 
make  use  of  this  generic  designation ;  but  the  presumptive 
evidence  in  favour  of  a  generic  identity  with  Lyginodendron 
Oldhamium  is  so  strong,  that  there  appear  to  be  suflScient 
grounds  for  the  choice  of  the  more  restricted  genus  Lygino- 
dendron, Without  attempting  to  institute  a  comparison  with 
the  various  Palaeozoic  genera  possessing  cycadean  characters, 

'  Nouv.  Arch.  Museum,  Paris,  1879,  p.  282. 
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it  would  seem  that  Lyginodemdrtm  robusium^  Lyginodendron 
Oldhamium^  Lygimcdendrcn  oHomalum^  and  Cycadaxylon 
Fremyi^  possess  such  characters  in  common  as  distinctly 
point  to  a  cloae  rebtionship. 

Our  incomplete  knowledge  of  the  last  named  species,  as 
compared  with  our  much  more  complete  acquaintance  with 
Lrgwcdtndnm  OUhamium^  renders  it  unprofitable  to  press 
the  comparison  very  (ar;  but  it  b  probable  that  we  may 
be  able,  with  more  extended  knowlec^e,  to  clamfy  many  of 
the  Palaeozoic  types  into  more  definite  groups  founded  on 
the  true  relationship  as  expressed  by  the  possession  of 
cycadean  characters. 

The  structure  of  Medulhsa  gigas^  Ren.,  as  described  in 
the  Flore  fossilc  d'Autun  ct  d*Epinac,  presents  an  exceed- 
ingly close  agreement  with  that  of  Lyginodendron  \  Flor.  foss., 
PI.  LXXI).  A  more  complete  comparison  of  the  various 
Palaeozoic  plants  possessing  cycadean  affinities  must,  however* 
be  deferred. 

My  thanks  are  due  to  Mr.  George  Murray,  Keeper  of  the 
Botanical  Department  in  the  British  Museum,  for  permission 
to  have  several  sections  prepared  from  material  in  his  charge ; 
to  Mr.  Gepp,  of  the  British  Museum,  I  am  indebted  for  the 
photographs  reproduced  in  Plate  V ;  and  to  Dr.  D.  H.  Scott 
for  valuable  criticismN  and  su^i^cstiuns. 
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Fig.  2  Longitudinal  section  (radial)  showing  the  characteristic  appearance 
of  the  wood  as  seen  in  radial  section,  and  the  imperfectly  preserved  tissues  of 
the  large  pith.  (Figs.  102  are  from  photographs  by  Mr.  Gepp,  and  represent 
approximately  the  natural  size  of  the  sections.) 

^^%'  3*  Portion  of  a  transverse  section  of  the  centrifogal  wood,  with  the  broad 
medullary  rays  especially  distinct  at  the  lower  end  of  the  figure  (from  a  photograph 
by  Mr.  Hayles  of  the  Cavendish  Laboratory,  Cambridge),     x  17. 

Fig.  4.  Portion  of  the  wood  of  Fig.  3  more  highly  magnified,  showing  the 
broad  medullary  rays,     x  52. 

Fig.  5.  Radial  wall  of  a  tracheid  of  the  centrifugal  wood,     x  320. 

Fig.  6.  The  inner  edge  of  the  wood  and  the  pith-parenchyma :  /,  /',  f* « leaf- 
trace-bundles,  4r*>=' centripetal  wood,  j«  sclerous  nests  (natural  size). 

^i?^  7>  S*  Tangential  and  radial  longitudinal  sections  through  the  centrifugal 
wood.     X52. 

PLATE  VI. 

Fig.  9.  Transverse  section  showing  the  inner  termination  of  the  centrifugal 
wood  (jc^),  and  the  imperfectly  preserved  bands  of  centripetal  tracheids  (j:*),  and 
medullary  rays,     x  5  2. 

Fig.  10.  Transverse  section  showing  the  characteristic  tapered  rows  of  tracheids 
at  the  internal  limit  of  the  centrifugal  wood,  separated  by  spaces  left  on  decay 
of  the  broad  medullary  rays:  jr'« centripetal  xylem,  ja sclerous  nests  (slightly 
enlarged). 

Fig.  II.  Tangential  longitudinal  section  passing  through  the  centrifugal  wood 
in  the  immediate  neighbourhood  of  a  leaf-trace-bundle.  The  figure  represents  only 
a  portion  of  the  outgobg  trace. 

Fig.  12.  Transverse  section  showing  the  inner  ends  of  centrifugal  tracheids  and 
the  outer  limit  of  centripetal  tracheids.     x  52. 

Fig.  13.  Lyginodendron  anomalum.     Transverse  section.      X52. 

Fig.  14.  Lyginodendron  robustum.  Slightly  enlarged  sketch  of  the  inner  edge 
of  the  xylem  and  the  peripheral  tissues  of  the  pith  ;  /  »  radially-arranged  secondary 
parenchyma,  ^  =  meristem  ;  x^ »  centrifugal,  and  x^-^:  centripetal  xylem  ;  j«  sclerous 
nests. 

Fig.  15.  Transverse  section  including  a  leaf-trace-bundle  cut  across  somewhat 
obliquely,  ♦  =  space  at  proximal  end  of  the  leaf- trace  (slightly  enlarged). 

Fig.  16.  Transverse  section  to  show  the  fairly  well  preserved  centripetal 
xylem  ^jr^.     x  52. 
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On  some  Species  of  the  Genus  Urophlyctis 

P.  MAGNl\S  (Berlin). 
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With  Plates  VII  and  VUI. 


(\N  March  i^,  iH8i.  at  the  nicctinjj  of  the  Rotanical 
'  Sccti«»n  «»f  ihc'SchlcjiischcGcsclischaft  fur  vatcrlandischc 
Cultur/  J.  Schmctcr  described  the  development  of  the  old 
Phjsotitrmti  fiilposum.WAWrr  He  |)uintcd  out  that  it  pro- 
duces Lir^^c  swarm -six>ran^ia  which  rest  suiHrrficially  u|X>n 
the  e|Mdermis  »>f  species  i»f  t //<*//i /<»*//// w.  and  send  forth 
favi  tiles  (if  rhi/(>i(l*(  into  the  cells.  It  also  develops  restin|^- 
siH»f.m,;i,i  hy  ihe  i  oMiii.:.itioii  «if  two  cells  of  >ifiiilar  form 
in^ii!c  the  liMf)'.^  ti>'iii'  mI  tin-  liiist.  (  >ne  ft  thrs«*  nils  empties 
it*  n'ntt-nt*!  inl»  ihr  oilur.  wliiih  tlu-n  ij«»\\s  into  the  listing;- 
^JH.Ian^;i.lm.  I  |i":i  thc^e  i  li.ii.iclc  r*i  he  h.isetl  the  ^enus 
/ '/ . //;/i  I // 1  in  till-  '  KiN'pti»,;.imen  M«»ri  \on  SLlilesiin.'  v.  III. 
part  I.  p.  it/i  ii^^S'"  Iheir  \\t  alv>  adilrtl  a  s«i'in«l  sptvies 
undi  r  tlu*  n.iine  <•!  I'  /';./.'i  /  \('.  tn.iiu\  in  the  text)  uhiih 
d'KH  1)1. t    !'»rin    sw.iiiii  sp"ian;;ia. 

In  !***■**   I   •!« -!.!>•.!      a    thiii!   spei  irs.  p.ii.isjtic   i»n  i'iipum 
(  »t9 : 1 .   \\h:  h    I    iii:n<«l    ^  r.  f'..'\,  ':.\    A /;< .« // /';.i       It    is   C'»n- 

■  ■  ■  * 

■    "^.L.       ,  .    «    ..     ■•      r:  •  .        !   •    !.  >:*  ..a  ■  .-:    :  ki  !     I.    I  :    I  II  ..:    .•-  .  L  1^  iIi:.,  |      I  i*i 
AnnaU  uf  Bolan).  Vul   XI   Nu.  XLl  Maf ih,  iK||7  . 
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fined  to  the  epidermal  cells,  which,  owing  to  their  being 
attacked  in  this  way,  swell  out,  together  with  the  adjacent 
cells,  into  a  pearl-shaped  gall,  having  a  depressed  umbo  at 
the  apex.  The  apical  orifice  leads  into  the  much-enlarged 
epidermal  cell  which  contains  the  Fungus.  This  species  of 
Urophlyctis^  which  does  not  extend  beyond  the  epidermal 
cell,  forms  resting-sporangia  by  the  conjugation  of  two  cells 
derived  from  different  mycelial  threads.  This  I  described 
in  the  paper  cited. 

In  the  second  edition  of  Rabenhorst's  *  Kryptogamen-Flora 
von  Deutschland,  Oesterreich  und  der  Schweiz,*  vol.  II.  Pilze, 
Part  IV,  Phycomyceten,  p.  131,  Alfred  Fischer  unites  the 
genera  Cladochytrium  Nowak.,  Physoderma  Wallr.,  and 
Urophlyctis  Schroet.,  into  one  genus  Cladochytrium^  and  in 
it  he  places  the  three  above-mentioned  species.  As  to  the 
formation  of  the  resting-spores  in  this  enlarged  genus  Clado- 
chytrium he  says  (p.  132):  *  Die  Dauersporen  entstehen 
entweder  an  Stelle  der  Sporangicn  aus  der  inhaltsreichen 
Zelle  der  zweizelligen  Anschwellungen  und  tragen  dann  eben- 
falls  eine  kleinere,  leere  Anhangszelle ;  oder  terminal  an 
kurzen,  von  den  Sammelzellen  ausgehenden  unverzweigten 
Fadcn,  dcren  Endcn  anschwellen  und,  ohne  sich  wieder  zu 
thcilen,  zur  Dauerspore  werden.*  Fischer  does  not  therefore 
admit  the  process  of  conjugation  from  which  the  resting- 
spores  of  Urophlyctis  originate,  but  considers  the  anthe- 
ridium  to  be  that  cell  of  the  two-celled  swellings  which  is 
less  rich  in  protoplasm. 

Without  any  mention  of  Fischer  s  opinion,  however,  Schroeter 
retains  the  genera  Physoderma^  Cladochytrium^  and  Urophlyctis 
in  Engler  and  PrantFs  *  Naturlichen  Pflanzeiifamilien,'  I.  Theil, 
1.  Abtheilung,  pp.  81  and  86,  and  refers  the  last-named  genus 
to  his  tribe  Oochytriaceae.  Possibly  at  the  time  when 
Schroeter  wrote,  Fischer's  paper  had  not  yet  been  published, 
and  nevertheless  he  quotes  Fischer's*  Phycomycetes'^  amongst 
the  more  important  literature  on  the  Chytridiaceae.     It  may 

*  lu  Rabenhorst's  Knpt-Fl.  Deut.,  I.  Bd.,  iv*«»  Abthcil  Leipzig,  1892. 
]  jcfcrungen  45-47. 
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be  that  the  last  number  was  issued  during  the  revision  of 
the  proofs. 

I  can  confirm  Schroeter's  statements  concerning  the  forma- 
tion of  the  resting-sporcs  of  the  oosporangia,  having  repeatedly 
examined  I'rophlyctis  Kriegcriana.  L\  pulposa^  and  also  a 
third  s|>ccic8  belonging  to  this  genus. 

As  mentioned  above,  U.  Kriegeriana  presents  the  ap(>ear- 
ance  of  [)earl-Iike  galls  on  the  surface  of  the  stems,  leaves 
and  floral  parts  of  Carum  Can*i.  Neighbouring  galls  often 
fuse  more  or  less  completely,  thereby  forming  smaller  or 
larger  hyaline  punctate  crusts,  especially  on  the  surface  of  the 
stems  ( Fig.  1 ).  Hvcr>'  gall  has  externally  at  its  apex  a  more 
or  less  depressed  umbo  (Figs.  1  and  2),  which  leads  into  a  ver>' 
large  cell  occupying  the  centre  of  the  gall.  V,  Kriegeriana 
cKCurs  only  uithin  this  c.ivity.  The  inner  membrane  of  this 
enlarged  central  cell  always  reaches  the  base  of  the  umbo, 
and  is  at  that  ]>oint  ex|>osed ;  but  with  that  exception  the 
cavity  is  surrounded  on  all  siiles  by  a  wall  consisting  of  many 
U>er^  of  cells.  The  membrane  at  the  free  a]>ex  is  traversed 
by  a  mycelial  thread  which  dilates  immediately  below  into 
a  \esick\  from  which,  in  young  galls,  hyphae  originate 
(Figs.  }^  .',  and  v).  These  hyphae  form  swellings  which  grow 
into  conjugating  cciU  (Figs.  6  7),  and  hyphae  of  the  same 
knul  art-  .itt.uhdl  lt>  many  j>«»ints  of  the  cell  wall.  They 
cither  nnnietli.itel\"  pr<tiiicc  the  conjugating  cells  or,  more 
laiily,  tliry  hist  lurin  a  swellini;  from  whicli  delicate  hyphae 
ariM:*!'!^  '»i,  aiui  tlic^e  va\\\  the  lonju^ating  cells.  Conju- 
g.itioii  takes  |»!.iie  as  (leNCiilMil  by  Schn>cter.  I  he  cells, 
uhuli  i«»niu.;atc  i)y  nuanN  <»f  a  coniucting  channel.  aKva\?» 
ofi^inalc  :ri>in  «!istirut  h\'phar.  At  hi.st  the  c«»njugatin^  ceil* 
dittcj  but  -^Ii^^lili)  in  si/**,  one  of  thtin.  !io\vi\rr.  MH»n  enlarges 
considcLibi)  .  wIlInI  the  oilitT  remains  Mnall.  .md  il.s  ct>ntents 
pa^s    ihr»»n;.;h    tl:e    ioimritin^j    channel    into    the    Liij^er    cell 

It  w  ii'tti  v\.»rtliN-  that  thf  male  iclU  ^;ivin^  oft' their  vonlrnt> 
a!w.i\N  spr  \\^  tioni  one  tiistuut  set  ot  hyphae;  no  that  we 
have   hue   male   planlUt:>  developing;  at  long  intervaU  male 
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cells  which  conjugate  with  female  celb  originating  from  other 
hyphae  (Figs.  lo  and  13).  The  hyphae  often  branch, especially 
from  the  male  cells  (Figs.  10  and  11). 

As  Schroeter  has  already  described  in  the  case  of  Uraphlyctis 
pulposa,  the  receptive  and  enlarging  cell  separates  also,  in  the 
present  instance,  from  the  parent  hypha.  Therefore  I  have 
not  been  able  to  determine  whether  a  single  hypha  produces 
several  receptive  or  female  cells. 

The  female  cell  enlarges,  becomes  filled  with  dense  proto- 
plasm containing  oil-globules,  and  develops  a  thick  brown 
cell-wall.  On  the  side  where  conjugation  with  the  male  cell 
takes  place  it  remains  flat  and  depressed  in  the  centre.  The 
process  of  conjugation  can  be  most  clearly  observed,  as 
Schroeter  has  done  in  the  case  of  U.  pulposa ;  and  I  believe 
that  Fischer  was  led  to  his  conclusions  rather  from  descrip- 
tions, and  the  statements  made  by  Busgen  as  to  the  formation 
of  resting-sporangia  in  Physoderma^  than  from  actual  personal 
investigation  of  the  subject. 

From  the  structure  of  the  gall,  as  described,  it  is  most 
probable  that  the  germs  of  the  parasite  enter  an  epidermal 
cell,  which  in  consequence  swells  considerably  and  causes 
frequent  divisions  in  the  surrounding  epidermal  cells.  The 
particular  cell  attacked  by  U,  Kriegcriana  becomes  the 
central  cavity  of  the  gall,  whilst  the  surrounding  epidermal 
cells  undergo  repeated  subdivision  and  form  a  wall  around 
it  consisting  of  several  layers  of  cells,  leaving  at  the  apex 
a  crater-like  opening. 

As  before  stated,  U.  Kriegeriana  grows  only  within  the 
enlarged  cavity  of  the  gall,  and  never  extends  beyond  it. 
The  development  of  the  wall  of  the  central  cell  corresponds 
with  this.  The  wall  thickens  considerably,  almost  attaining 
the  width  of  the  neighbouring  cell-layer  of  the  envelope  of 
the  gall.  It  never  exhibits  the  sieve-like  perforations  or  the 
grating-like  appearance  which  De  Bary  and  Schroeter  have 
described  in  U.  pulposa.  The  strong  imperforate  membrane 
is  not  traversed  by  the  delicate  hyphae  of  the  Fungus,  and 
the  parasite  remains  confined  to  its  enlarged  host-cell. 
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I  have  never  observed  the  formation  of  other  propaj^^tive 
or(^ans,  especially  the  development  of  zoosi>orangia,  although 
I  have  often  directed  my  attention  to  this  point.  The  forma- 
tion of  zoos(x>rangia  seems  to  be  wanting  here,  as  in  the  case 
of  Schroetcr's  I  \  majiyr,  or  it  may,  perhaps,  be  restricted  to 
the  germination  of  the  oospores. 

Vrofhlyctis  KrU^criana  is  very  common  on  Carum  Cari*i 
throughout  Euroj>e.  Besides  Saxony  and  Bohemia,  the  only 
habitats  known  to  me  up  to  1888,  it  has  since  been  found  in 
Thuringia  by  F.  Thomas',  and  Herr  E.  Ulc  has  discovered  it 
near  Coburg,  according  to  a  specimen  communicated  to  me. 
G.  de  Niessl  has  collected  it  near  Schwarzkirchen  in  Moravia, 
and  distributed  it  under  the  name  of  Protomyces  macrosporus^ 
Ung.,  in  Rabenhorst's  Fungi  Kuropaei,  No.  iioo,  Herr 
Fricderich  Stolz  gathered  it  in  the  Gschnitz  valley  and  in 
the  Stubai  valley,  Tyrol ;  and  Blytt  has  found  it  in  Norway*. 

I  am  able,  however,  to  record  its  occurrence  not  only  on 
Carum  Carvi,  but  aUo  on  l^impinella  Saxifraga.  The  Fungus 
which  \V.  \'oss  has  indicated  on  Pimpimlla  Saxifraga  as 
Synchytrium  aureum,  SchrcKt.,  in  the  first  part  of  his  Myco- 
logia  (arniolica  (in  *  Mitthcilungen  des  Musealvereins  fiir 
Krain,'  i88<y).  p.  17,  is  my  Vrophlyctis  Krugeriafia,  .is  I  have 
proved  by  a  N|H*iinR*n  communicated  to  me  by  Herr  \V. 
\k>^%  hiiii-^dt.  i\'r]Ki|)>  the  parasite  also  occurs  on  other 
I'mlK-lIitrr-^  '. 

An'tlur  -^iKcif's  of  I'fcphhitii  I  knew  lo  l>c  the  cause  of 
a  N4*f:i»U'»  (ii>cMM'  of  ilu"  lUvtrt'oi  in  Al^'icrs.  I^  Trabut 
rcjxTtr*!  *  iiD  a  (listMsr  Ml)srr\etl  t>n  the  lliick  primary  roots 
of  Ai /<!  xtil^aris,  v.ir.  riip.iitii,  .it  Kouiba,  nrar  .-Mi^icrs.  It 
consistN  of  tliuk   tlishy  lx»tr\t>i(!  swcllin^;^  contractctl  at  the 

'    Mit'hri'..  •  ,*i   .     'I  l-ta*  i%,Vrt.  \rrrit.»  !■  t  •  fr%.imii»t'.li  in:.;;r!».  |Uj.  \ui.  ihh«^ 

'    It  .ra^;  •-    K         w  .'-:    •.•»»  \    •,•■  »  »•  j  .»rcr  i%.  y.  it.  i:.  »  hfUtianii  \  uicuU.Alo 
Nr'.»  »'  »    \     :•.»■  .•      I  "./.     N   .    '. 

•!:.»<     !  r    ♦.    •.     •    I  .     ,)    f'.a  '■  ?  \    I     lUi!!  rn.  '.'.   t  r\  rrr%.t.  I***/;    *t}    *n  !  *«  nt 
\**   n^     f    f     •  I  -  I'i.  »•  If       ■,  i    1'  •.  fA. »   /I      A  *i.  .    ri.in  ■    ••»»        t'  *m    .*•  r   $.  m»i. 

h>  .«*  ''  ".  t'  •  i  ■•  ».■  Krf  :  \  ..  -.ii  M.iu:.!  Ku'.t  tjjj'i-A.i.  II*  »r  l!»r  ti:y  «»! 
Krru.a.  ;  i  -  !i.  t*  -r  ".  ^  i  N  >  44OJ  •  :  f  |U>r;;;iiLr.r;.  Itrr  rcr»Ui>- 
!*-  ?       '..'.:      f  *  . ;    «,  ■ 

*  (     -mjfrt  K<rn!:.«  -U  i   \«,»'.fniii  'In  V,  irovr* 'ir  ratts   luiic  4.  I^|. 
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base.  Trabut  proved  these  to  be  due  to  the  presence  of 
a  Fungus  which  he  named  Entylovia  leproideum^  and  described 
and  figured  it  afterwards  in  the  *  Revue  G^n^rale  de  Botanique/ 
T.  vi  (1894),  p.  409,  under  the  name  of  Oedomyces  leproides^ 
Saccardo  having  founded  upon  it  the  genus  Oedomyces. 
Subsequently  Saccardo  and  Mattirolo  published  an  elaborate 
paper  on  the  subject  in  Malpighia  anno  X  (1895).  Trabut, 
Saccardo  and  Mattirolo  state  that  the  Fungus  occurs  in  cysts 
provided  with  a  strong  membrane  (quasi  cellulas  giganteas). 
The  cysts  are  scattered  irregularly  through  the  swellings,  and 
the  spores  are  produced  from  evanescent  hyphae  by  acrogcnous 
and  intercalary  abstriction.  Saccardo  distinguished  it  from 
Entyloma,  mainly  *  cystis  vel  singularibus  et  forma  subhemi- 
sphaerica  sporarum/  Trabut  describes  the  spores  thus  :  '  De 
forme  sph^rique  d^primce  avec  pedicelle  tr6s  court,  insert  sur 
une  Eminence  au  centre  de  la  face  deprimee.  .  / 

These  authors  refer  the  Fungus  to  the  Ustilagineae.  Sac- 
cardo and  Mattirolo  support  this  view  by  pointing  to  the 
formation  of  the  cysts  within  the  tissue  of  the  root  of  the 
host-plant,  to  the  new  growth  caused  by  the  parasite,  to 
the  acrogenous  and  intercalary  origin  of  the  spores,  and 
finally  to  the  structure  and  colour  of  the  latter.  Ed.  Prillieux, 
in  his  work,  *  Maladies  des  plantes  agricoles  et  des  arbres 
fruitiers  et  foresticrs,  causccs  par  des  parasites  vegdtaux,' 
Tome  I  (Paris,  1895),  pp.  193-197,  refers  to  this  disease 
and  assigns  the  Fungus  to  the  Ustilagineae. 

Thanks  to  the  kindness  of  Professor  O.  Mattirolo,  who 
sent  me  a  specimen  in  alcohol,  1  have  been  able  to  examine 
this  Beetroot  parasite.  It  proves  to  be  a  Urophlyctis,  and 
must  therefore  bear  the  name  U.  leproides  (Trab.),  P.  Magn. 
The  cysts  have  a  wall  of  exactly  the  same  thickness  as  the 
central  cell  of  the  gall  of  U.  Kriegcriana,  and  the  parasite 
lives  also  exclusively  within  the  cysts,  as  the  authors  above 
cited  have  shown.  According  to  these  authors  the  cysts  are 
embedded  singly  in  the  parenchyma  of  the  swellings,  and 
originate  from  the  hypertrophy  of  the  cells  attacked  by  the 
parasite.     I  cannot  quite  confirm  this.     I  found  rather  that 
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many  cysts  arc  connected  with  each  other  by  narrow  tubes 
orifjinatin*j  from  the  cysts  (Fig.  17).  Each  cyst  throws  out 
pointed  processes  which  penetrate  the  parenchyma,  and  then 
at  intervals  widen  out  again  into  fresh  cysts  ;  each  new  cyst 
does  the  same  and  so  on  (Figs.  17-22).  It  often  happens 
that  many  such  tubular  processes  spring  from  one  cyst ;  they 
may  be  short  or  long,  wide  or  narrow :  and  they  may 
frctjf  ently  be  followed  a  long  way  through  the  tissue.  The 
tubes  are  provide<l  with  the  same  kind  of  thick  membrane 
as  the  cysts.  The  observation  of  young  pnxresscs  and  small 
cysts  shows  that  the  protoplasm  aflccted  by  the  parasite 
enters  them,  and  that  this  protoplasm  leads  the  way  for  the 
Vrifhlyctis  that  follows  at  a  later  period.  In  any  case  I  have 
not  si:cccetle<l  in  tracing  the  hyphac  of  the  Fungus  in  the 
protoplasm  of  the  youngest  swellings.  The  |>arasitc,  however, 
so<in  ftj'lows.  and  entering  these  swellings  often  forms  new 
S|M»res  within  their  wider  |>ortions  (Fig.  iH). 

It  is  only  in  the  narrowest  |>ortions  of  the  channels,  as 
shown,  for  instance,  in  I'igs.  11  and  23,  that  the  formation 
of  spores  is  suppressetl.  The  majority  of  the  cysts  of  one 
swelling  arc  therrfore  connected  with  each  other,  or  rather 
they  .ire  excrescences  of  a  single  cyst  per\'ading  the  |>arenchyma 
of  the  swell  I  n«,^ 

I  hr  oi.I\  iliMi  rc'DK*  Intueen  this  growth  and  thatof  ihe  gall 
m|  {f^fhiut:^  K  9  li  .t  t  lana  is  th.it  the  (Ieveli>pnn  nt  of  the 
icl!  .itt.ii  K<  <i  l»\  the  I.illei  {».ir,i>ite.  .md  conse«ji:rntly  also  that 
«»1  tht  vi*'*'.  '**  Imnicil.  (  »n  the  otiur  hand,  in  the  ca>e  of  l\ 
Upfy  I'it'y.  tlie  I  e!l  .itt.K  kc»i  l>y  the  lunijiis  grM\v>  without  limit  ; 
It  j»riv.i(!eji  ti.e  p.iferu  lu  ma.  the  trr.juent  divisit>ns  of  which 
are  th«  <  .ii;m-  of  th«  c«  I'/s  ".jniwlh  into  the  new  tissue,  whiic 
It  ff.uts  i\\  thr  p.ir*  n«  h\  ina  as  a  stimulus  i.ir  still  further 
diM^ioTiH  I  h  ;n  the  i.iT,;e  l»otr\«iid  s\vi-lliu;;s  «»n  the  upper 
jMft    <  f    the    !t»'i!    .1    /.|/.i    ;/</..///»,  \.ir.   fitf.ut,!.    iiiakc    the 

IJii-  w.il'i  ••!  the  inlected  cell  is  .iKm  in  this  i  .is<'  verv  thick, 
and  it  n«\rf  pos^isst^  >ic\e-like  {K'ri(»rati<*ns  as  in  (\  fkl/^t'iti 
.iiul  /     f'l.i/.  r        1  he  ti If  matiofi  lit  ^iMires  take<i  place  in  exactly 
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the  same  manner  as  in  U,  Kriegeriana,  In  this  species  there 
are  also  certain  hyphae  which  produce  only  male  cells,  and  often 
branch  from  these  cells  (Figs.  24, 28-30).  It  is  remarkable,  as 
I  have  observed,  that  the  male  cells  are  sometimes  divided  by 
septa  (Figs.  32,  33).  They  conjugate  by  means  of  a  narrow 
connecting  channel  through  which  the  protoplasm  of  the  male 
cell  passes  into  the  female  (Figs.  24, 28, 29).  The  conjugating 
cells  are  alike,  or  differ  only  slightly  in  size  at  first  (Figs.  28 
and  32) ;  but  the  receiving-cell  soon  enlarges  considerably 
and  separates  from  the  mother-thread,  the  remains  of  which 
are  only  seldom  perceptible  (Figs.  29  and  33  r)  Thus  it 
would  appear  that  conjugation  always  takes  place  on  the 
side  opposite  the  stalk.  This  conjugating  side  remains  also 
flattened  and  usually  somewhat  depressed  in  the  centre,  as 
the  authors  quoted  above  have  described  and  figured,  and 
eventually  a  strong  brown  membrane  is  formed.  No  swarm- 
sporangia  are  known :  it  is,  however,  quite  possible  that  they 
exist,  as  so  far  only  the  cysts  of  the  inner  tissue  of  old  galls 
have  been  examined,  not  the  surface  of  young  galls.  The 
specimen  I  examined  did  not  show  any  zoosporangia. 

The  case  is  very  different  in  Urophlyctis  pulposa^  the 
development  of  which  has  already  been  described  by  Schroeter 
in  its  more  essential  features.  The  parenchymatous  cells 
infected  by  the  parasite  enlarge  considerably,  but  at  the 
same  time  the  wall  is  perforated,  owing  to  the  action  of  the 
parasite,  by  local  gelatinization,  whereby  their  protoplasm, 
together  with  that  of  the  parasite  living  in  it,  passes  into 
the  surrounding  cells  (Figs.  14-16),  causing  in  this  case  also 
considerable  enlargement  (Fig.  14).  Thus  the  parasite  wanders 
through  the  perforations  of  the  wall  caused  by  local  gelatiniza- 
tion of  the  membrane  from  one  cell  to  another,  and  all  the 
infected  parenchymatous  cells  of  an  infected  area  represent 
a  continuous  system  of  cavities  pervaded  by  the  parasite,  and 
often  intermixed  with  unchanged  small  parenchymatous  cells 

(Fig-  14). 

Schroeter,  in  Engler  and  Prantl,  Naturl.  Pflanz.,  I.  Theil, 

1.  Abthcil.,  p.  86,  also  refers  his  Physodervia  Butomi  to  the 
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genus  Uraphlyctis  without  giving  any  reasons  for  so  doing. 
Should  it  actually  belong  to  this  genus,  and  form  resting- 
sporangia — in  contradiction  to  the  statements  by  Biisgen — 
by  conjugation,  then  it  would  represent  a  Urophlyctis  which 
wanders  from  cell  to  cell  by  means  of  its  mycelium,  and  does 
not  cause  the  host-cells  to  increase  in  size.  In  future  years 
I  hope  to  extend  my  investigations  to  such  species  of 
Physoderma. 

In  every  case  it  is  of  great  interest  to  discover  the  different 
ways  in  which  the  various  species  of  Uraphlyctis  affect  the 
host-cell,  and  the  tissue  of  the  plants  on  which  they  are 
parasitic. 

The  figures  which  accompany  this  paper  have  been  drawn 
from  nature  by  Dr.  Paul  Rocseler  in  my  presence.  To 
Dr.  Stapf  I  am  much  indebted  for  his  kind  assistance  in 
translating  this  paper. 


EXPLANATION  OF  FIGURES  IN  PLATES 

VII  AND  vin. 

Illustrating  Professor  Magnus's  paper  on  Urophlyctis, 

Figs.  1-13.  Urophlyctis  Kriegeriana^  Magnus,  on  Carum  Carvi  from  Prossen 
in  Saxony. 

Fig.  I.  Transverse  section  of  the  stem  with  several  confluent  galls.  XI5. 
The  galls  are  cut  in  the  tangential  or  median  planes ;  only  the  latter  show  the 
umbo  (m).     x  15. 

Fig.  a.  Transverse  section  of  the  stem  with  a  single  gall  cut  through  the 
apex  («).     X  106. 

Figs.  3-5.  Longitudinal  sections  of  the  apex  (u)  of  the  galls.  The  short 
mycelial  threads  that  have  penetrated  the  membrane  of  the  infected  cell  are 
shown  enlarging  into  vesicles  from  which  originate  long  mycelial  threads,     x  39a 

Fig.  6.  A  single  mycelial  thread  attached  to  the  cell-wall.  It  shows  a  vesicular 
enlargement  from  which  spring  hyphae  that  give  rise  to  conjugating  cells. 

Fig.  7.  Mycelial  threads  attached  to  the  cell-wall.  These  have  formed  con- 
jugating cells.     X  390. 

Fig.  8.  Mycelial  threads  attached  to  the  cell -wall,      x  390. 
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Fig.  9.  Apex  of  the  host-cell  («)  showing  the  vesicle  from  which  originate 
the  mycelial  threads.     One  mycelial  thread  is  shown  attached  to  the  cell-wall. 

Figs.  10-13.  Conjugating  cells.  The  male  conjugating  cells  are  modified 
from  special  mycelial  threads  with  long  intemodes,  which  frequently  branch  out 
from  the  male  cells.  They  conjugate  with  the  female  cells  through  narrow 
fertilization-channels.      X390. 

Figs.  14-16.  Urophlydis  pulposa  ;,Wallr.\  Schroet.,  on  Chenopodium. 

Fig.  I4«  Large  parenchymatous  cells  of  Chenopodium  rubrum  (Karlsbad, 
Bohemia)  in  which  the  parasite  grows ;  next  to  unchanged  parenchymatous  cells 
which  remain  small.  The  walls  of  the  neighbouring  infected  cells  are  pierced 
in  a  sieve-like  manner,  and  the  mycelial  threads  may  be  seen  passing  through  the 
pores  from  one  cell  to  the  other.  At  a  a  young  parenchymatous  cell  is  shown, 
into  which,  in  the  young  state,  the  mycelial  threads  of  Urophlydis  ptdposa  hav 
entered  through  the  pores  in  the  cell-wall.  The  cell  is  beginning  to  swell ;  the 
mycelial  threads  have  as  }et  formed  no  conjugating  cells.      X4ao. 

Figs.  15-16.  Cells  in  which  Urophlydis  pulposa  has  developed,  showing  the 
sieve-like  perforated  walls,      x  207. 

Figs.  17-31.  Urophlydis  leproidts  (Trab.)  P.  Magn.,  on  Beta  vulgaris,  var. 
rapacea^  from  Rouiba  in  Algiers. 

Figs.  17-33.    Transverse  sections  of  the  galls  showing  the  cysts. 

Fig.  17  shows  several  cysts  connected  together  by  channels  which  arise  from 

the  cysts.     The  latter  are  shown  also  in  Figs.  19-ai.     Figs,  a  a  and  33  exhibit  the 

separate  long  connecting  channels  of  the  cysts  of  the  galls.     Fig.  18  shows  these 

in  part  cut  in  tmnsvtne  section.     (Figs.  17-20,   xiii  ;  Figs.  18,  19,  and  a  a, 

xi6a  ;  Figs.  21-33,  X430.) 

Figs.  34-33.  Conjugating  cells  formed  from  mycelial  threads. 

In  Figs.  34.  38,  and  39  are  shown  the  threads  which  give  rise  only  to  male 
fertilizing  cells  with  long  intermediately  segmented  cells,  which  branch  out  from 
the  fertilizing  cells.  Figs.  35-27  show  the  fertilization-channels.  Figs.  39  and  33 
show  at  r  the  remains  of  the  carrying  threads  of  the  female  receptive  cells. 

In  Figs.  32  and  33  the  male  cells  have  become  divided,     x  420. 
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On  the  Polymorphism  of  the  Green  Algae  and 
the  Principles  of  their  Evolution  '• 
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1)K.  ROBKRT  rHODAT, 

Pnrff  %i*r  cf  H'Uny  in  tht  I'miveruty  ^f  ittnnra. 

THK  classification  of  the  Clil<)roph)xcac  has  from  time  to 
time  been  the  subject  of  numerous  discussions,  and  e\'en 
n«»w  it  is  by  no  means  omsidered  as  settletl.  After  comparing 
the  different  systems  pro|>osed  by  Ral>enhorst-,  Gay^  KIcbs*, 
De  Toni '  and  i-th<Ts,  it  is  easy  to  understand  how  it  could  be 
|>(>s<iblr  f«»r  s«»  distinguished  a  IxManist  as  Sachs *"'  to  say  :  'It 
is  certainly  a  j;riat  n)i>t.ike  to  opj)osc  the  (*hlorf>phyce.ie  to 
theotlur  Al^^ar  (Cy.mophyceae  Rhodophyceae,I*hacophyceae) 
as  a  ili^tinct  typr  ;  such  a  division  has  nearly  the  same  value 
as  «'nr  in  whit!)  the  rhaniroj^.iins  destitute  «»f  chlorophyll 
>lioii!d  he  «  pp'  std  to  the  j.;nen  IMiaiu  rf»^;anis  and  in  which 
Ixitli  Av  \\\x\  W  I 'Mi-i'lncN!  .IN  distinil  typrs.  In  th<*  ("hloro- 
!  h\«r.i»  o!  t!w  -\ --l*  iii.ttist  s«\.t.i!  ii/./..  *\fi'S  lit  h'd'!«  n  «•  u  h 
<'f  uh'ih  t«iri  ;»  i.iIn  i:)  its  ji!^\  !•>  riu  t!«  T.iiik  to  tlu*  Ai^lu- 
;:  tr.it.ir  tin-  ll»!ii!i.i«*  tlu  ri;.i("ph\\  i-.if.  \'i'  It  \>  not 
jH.-     M(     !;■  'A    \.i.  i:j  thi    pii^int   >t.»,,f  of  iiurst:j;.itiMn  ol'  tlu* 
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Green  Algae,  to  discover  the  archetypes  in  the  chaos  of  the 
Chlorophyceae.' 

Sachs  ^  will  for  the  present  only  recognize  as  archetypes  the 
Cyanophyceae,  Phaeophyceae,-  Rhodophyceae,  Conjugatae 
(with  Bacillariaceae),  Siphoneae.  and  Archegoniatae.  He 
includes  the  order  Coleochaeteae  in  the  Archegoniatae, 
separating  it  from  the  Green  Algae — an  arrangement  which 
I  am  unable  to  accept,  for  reasons  presently  to  be  explained. 

One  cannot  too  strenuously  oppose  such  a  conception  of 
the  archetypes.  It  is  very  clearly  evident  that  the  most 
striding  resemblance  exists  between  the  Phaeophyceae  and 
the  Chlorophyceae;  the  production  of  zoospores,  the  origin 
and  development  of  sexuality,  and  the  progressive  develop- 
ment of  the  thallus  occur  in  a  similar  manner  in  both  groups. 
Their  systematic  rank  as  archetypes  is  of  no  higher  value 
than  that  of  the  Bryophyta  compared  with  the  Pteridophyta. 

Whilst  agreeing  with  Sachs  in  regarding  the  Conjugatae 
as  forming  a  very  distinct  order,  I  cannot  go  so  far  as  he 
does  when  he  removes  them  from  the  Chlorophyceae  and 
groups  them  with  the  Bacillariaceae,  a  quite  distinct  and 
remote  order  belonging  to  the  Phaeophyceae. 

Just  as  we  find  in  the  Archegoniatae  several  distinct  groups, 
such  as  the  Mosses,  Ferns,  Kquisetaccae  and  Lycopodineae, 
which  cannot  at  present  be  traced  back  to  any  known  common 
ancestor,  so  there  are  in  the  Chlorophyceae  such  orders  as 
Ocdo^oniaceac,  Sph.icroplcaccae,  Conjugatae,  and  Siphoneae, 
which  are  only  separated  from  the  others  by  certain  tendencies 
already  known  in  the  whole  group. 

The  Conjugatae,  for  example,  are  chiefly  characterized  by  the 
mode  of  their  fertilization.  Conjugation,  however,  exists  in 
certain  species  of  Chlamydomonas  (C.  Braunii)  ^.  Very  highly 
differentiated  chromatophores  are  also  to  be  found  in  the  Vol- 
vocineae  ^  and  the  zygotes  of  these  are  not  very  different  from 

'  Loc.  cit.,  p.  20 1. 

*  Gorochankin,  Heitiage  zur  Kcnntniss  <lcr  Morpholo'jie  und  Systciratik  dcr 
Chlamydomonadc-n.  Bull.  Soc.  Nat.  Moscon,  No.  3,  i8(|0. 

'  Sec  the  ahove-quotcd  paper ;  also  Schmidle,  Chlamydomonas  /Cieinii,  Mora, 
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those  of  the  Ucsmidiaccac.  Rooting  hairs  arc  not  only  known 
in  the  true  C'hiorophycoac  but  aI<io  in  the  Omju^^atae  ^  and  the 
equality  of  the  cells  of  the  filaments  is  a  very  common  character 
in  both  i;; roups. 

With  rcs|>ect  to  the  Siphoncae,  which  constitute  a  very 
special  (^roup,  I  think  that  the  Vaucheriaceae  can  be  detached 
fn>m  them  with  even  more  reason  than  the  Conju|;atae  from 
the  true  C*hlorophyccae.  The  multiplicity  of  the  nuclei  is  not 
only  common  to  the  Siphoneae  but  also  to  many  Chloro- 
phyceae  at  an  adult  sta^c  of  their  cells  (Cladophoraccae,  some 
TediastreacO  -. 

In  this  paper  1  shall  set  aside  those  orders  which  by  the 
fixity  of  their  characters,  or  their  morphol(t)vical  differentiation, 
constitute  very  |Kruliar  and  definite  (groups  amon^  the 
Chlornphyccac. 
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To  know  some,  or  even  all,  of  the  constant  characters  only 
is  in  no  way  sufficient ;  because  if  they  are  absolutely  constant, 
the  groups  which  are  endowed  with  them  become  very  sharply 
delimited,  and  their  relation  with  other  groups  is  very  obscure, 
as  for  instance  in  the  Characeae.  It  is  only  when  we  find 
representatives  in  which  the  important  characters  are  altered 
or  combined  with  peculiarities  recalling  other  groups  that  we 
are  able  to  put  forward  a  theory  as  to  the  affinity  of  the 
family.  The  theory  will  be  of  no  value  until  the  induction 
drawn  from  comparative  morphology  leads  us  to  find  in  the 
general  life-history  of  the  organism  some  gradual  analogy 
showing  a  very  definite  tendency. 

Thus,  for  instance,  in  the  Archegoniatae  the  archegonium 
and  antheridium  (putting  aside  the  details  of  their  organiza- 
tion) are  very  constant  characters ;  whereas  we  see  in  the 
reduction  of  the  number  of  spores,  or  the  progressive  reduction 
of  the  prothallium,  analogies  tending  to  a  very  definite  end. 

In  natural  groups  there  are  sometimes  concomitant  characters 
which  may  not  perhaps  be  mutually  dependent  but  which 
generally  vary  at  the  same  time.  Every  peculiarity  is,  as  we 
know,  susceptible  of  more  or  less  change,  sometimes  so  much 
so  that  it  becomes  not  apparent,  but  only  potential.  Thus, 
for  instance,  a  plant  apparently  destitute  of  leaves  may  bear 
them  when  circumstances  are  more  favourable  ;  this  is  an  indica- 
tion that  the  want  of  leaves  is  only  an  adaptive  character.  In 
some  cases  the  leaves  are  only  found  in  the  younger  stages, 
the  plant  being  after\vards  entirely  destitute  of  them.  In  this 
case  the  evolution  or  life-history  of  the  plant  in  its  totality 
will  be  necessary  in  order  to  determine  its  affinities. 

For  this  reason  I  hoped  to  derive  some  fresh  information 
from  the  variability,  or,  as  it  has  been  often  called,  the 
polymorphism,  of  the  lower  Chlorophyceae. 

The  theory  ^  put  forward  in  this  paper  is  the  result  of 
a  great  many  observations  extending  over  several  years,  on 


'  See  also  Chodat  ct   Iluber,  Kemarques   sur   le  systeme   dcs  Algues   vertes 
infcrieurcs,  Archives  Sc.  Phys.  ct  Nat.  Geneve,  t.  31,  p.  395. 
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material  obtained  partly  in  nature  and  partly  by  the  aid  of 
pure  cultures,  fu>mc  of  them  under  the  microscoj)C.  I  have 
drawn  no  conclusions  from  my  work  which  are  not  based — 
firstly,  on  the  fact  that  nn  the  same  plant  (filament  or  colony) 
forms  which  had  been  formerly  considered  iis  distinct  grow  in 
direct  connexion  [Cystoci'^cus.  J^UitriCoccus)'^  secondly,  on  tlic 
obser\'ation  uiuler  the  microscope  of  the  production  of  s|X)res 
and  zi>ospures  in  plants  which  up  to  now  were  considered 
destitute  of  them  (/.oos[K)res  of /:><•///< '.7>///imi,  spores  of  Sccfie- 
dtS9Nus,  larval  con<lition  of  Chin fftniofNoPtiis, Sec) ;  thirdly, on  the 
fact  that  in  a  pure  culture  all  the  individuals,  or  nearly  all, 
und<r\vent  a  tr.insforni.ition  which  could  be  easily  followed 
(filament  of  /V/7//<v<<r//j,  the  fixed  forms  of  Raphidinm.  &c.); 
and.  fourthI\',on  theo!)scr\at:on  that  under  changed  conilitions 
the  new  form**  are  alwa\s  in  relation  tt)  their  surroundings 
(I\ihnt'li*i,  Mt  Ni's/rrff/,i,  J\'iii(jsfp  urn).  All  these  obser\'at ions 
have  bctn  \eiitird  a  gre.it  many  times  '. 

Which  .ire  the  lovvist  «)f  the  Cire«.n  Algae  it  is  not  easy 
to  viv,  becui.se  the  mo>t  simple,  namely,  those  from  uhich 
I  am  iiulinetl  t«i  dnive  the  others,  arc  still  very  highly 
iiigani/cd.  *\\\i\  th- '^e  apparently  less  c«>mplex  are  merely 
reduce!  lorni>.  Heiui  it  would  ni>t  be  possible  for  a  philo- 
*»•  pl.t  I    to   t.ir.i     thr    ii»\\er  (iieen   Alg.ie   a**   a   basis    for  the 

\\\v  \\        1    \\  r    ■  : :    ;ii    o!    Iilr. 

0 

I:  In  jM  ;  ii.i^-:N,e.  h«)»N(Vii,  a*i«»rilin^i  t'»  mv  ob-»i  rv.itioiiji, 
t-'  tfii«  tl.r  .!i::i.j».i!  ^;i  -nps  •  »f  iht  C  hloioph  yi  e.ie  back  X*i 
the  \\\\'.K  «>i<lir  •:  th.r  I'-ilin*  ll.u  i  .le.  in  uhi^h  are  c<>m]>riM.d 
ll;i    :«■'..     A.n.;   ,;enrr,i  .    /\t/t'ii  t.\i  >  n;t*::.i,\i)',   /< //./»/^» /i/,  (/Vi  i «' 

ralmcUaeoiiO        I  h«  it     ^;(  !.itini>us   }.;inefal    envel op*.*   is   pr«> 
«lini«!    i»\    ti;«     I'lilV.niur   ot    llie    sj.iAial    gelatinous   ie!l-\\.ills 
III  /'./."..../   \\)*    v«".!«   .oi    ^;i«»U|»<t!   i.i^;i!hii    m   all  clirecti»«ns 
or    ■:>%<*        \\!i.!-:    :n    /i.V./»Af.i   tliev   aif    ii,u!ail\    dl^lM»vd 

I  'i  '  .      .4  •■  'i      •        '    ".I-     !'»■       1     *       .!     j-'l-  --.luri  ?.l^  II 

«    .  ■    K    '    .    .      lit    «,,-,;.   A     '    I-    '. .    4.  i   whi   .'i   «»€  c 
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in  one  plane.  The  cell  divides  in  two  distinct  ways.  In 
the  first,  after  the  first  or  second  segmentation  within  the 
gelatinous  cell-wall  of  the  mother-cell,  the  cell-contents  are 
arranged  as  in  Tetraspora.  This  arrangement  I  have  called 
tetrasporoidy  or,  when  the  dividing  new  cell-walls  are  more 
consistent,  pleurococcoid.  This  has  been  very  often  described 
as  vegetative  division. 

When  the  cell-wall  is  more  roundish  the  new,  cells  have 
a  tendency  to  group  themselves  in  three  directions,  viz.  as  if 
occupying  the  angles  of  a  tetrahedron :  this  is  the  tetrahedric 
division,  commonly  manifested  in  Gloeocystis  ^.  This  I  shall 
call  GloeocystiS'divisiofi, 

The  cells  of  the  Palmellaceae  in  every  stage  are,  on  leaving 
the  envelope,  capable  of  swarming  as  zoospores.  As  the  cells 
vary  greatly  in  size  there  is  also  great  variety  in  the  zoospores. 

In  certain  conditions,  as  for  instance  when  the  solution  in 
which  the  Algae  are  cultivated  becomes  more  concentrated, 
the  cell-walls  grow  more  consistent ;  the  products  of  division 
not  being  able  to  separate  themselves  from  each  other, 
division  goes  on,  and  then  this  cell  is  characterized  as  a 
sporangium.  By  the  absorption  of  the  separating  cell-walls 
in  the  interior  of  the  mother-cell,  the  daughter-cells  can 
assume  their  rounded  form. 

Between  this  formation  and  the  Gloeocystis-sidigQ  there  is 
only  a  difference  in  the  consistency  of  the  wall  of  the  mother- 
cell,  and  in  the  d^ree,  more  or  less,  of  absorption  of  the 
separating  walls  of  the  daughter-cells.  Very  gradual  inter- 
mediate conditions  are  also  to  be  found,  and  are  the  best 
demonstration  that  in  such  lower  forms  no  true  distinction 
is  to  be  made  between  the  so-called  free  cell-formation  and 
the  vegetative  division.  This  is  very  clearly  shown  in  the 
genera, MoNostroma^,  Palmella,  and  especially  in  Pleurococcus, 

From  these  three  principal  conditions,  which  are  very 
equally  represented  in  the  true  Palmellaceae,  we  can  derive 

'  Sec  Gay,  loc.  cit.,  p.  92. 

'  See  Chodat,  Kemarques  sur  le  Mottostroma  bullosum,  Bull.  Soc.  Hot.  France, 
Session  Extraordinaire,  1894,  t.  41,  p.  cxxxiv. 
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the  three  in)i)4>rtant  tendencies  which  rale  over  the  lower 
Green  Aljjae. 

A.  The  zoospori'i'imdition^  namely,  the  unicellular  motile 
ita^e,  tK-comes  the  Icadini;^  principle  in  the  Volvocincae,  in 
whiclk  the  two  other  conditions  arc  only  transient  or  sub- 
ordinate. 

R.  The  spvranj^tum  condition,  that  is  t()  siiy  the  unicellular 
motic»nle.ss  sta;;e  with  a  consi>tent  cell- wall,  is  in  the  second 
group  the  leading  character,  the  two  others  being  only  acci- 
dentally realized,  or  merely  transient  ( IMeunKoccoidcae). 

C  The  /#V/</j/.r<i-j/i/^v,  nanu-h*.  where  the  non-motile 
cells  are  connectetl  by  rej^ular  cell -walls  at  right  angles,  or 
nearly  m»,  arising  from  the  division  mentioned  above,  becomes 
a  pre|><>ndcrant  character  in  the  I'lvaccae  and  the  filamentous 
Alg.ie  by  ihe  increasing  of  the  consistency  of  the  walls, 
which  is  the  condition  ot'  a  more  <le finite  form  i>f  tissue  or 
filament. t .  whilst  the  two  others  aie  merely  transient  or 
reduced. 

I  lu'sc  principal  Iwus  being  otabli.slied,  each  of  them  may 
follim  a  very  logic.il  evolution  and  conform  to  the  leading 
principle.  In  their  lower  types  there  will  l>e  a  less  strong 
fixity  ot  the  main  t  I'.arai  teis,  and  a  much  greater  resemblance 
to  the  ditun  lit  (.-•ndtiMtis  ol  the  ralmelLueae. 

VolTocincae.  1  hr  ,;r:ur.il  iell->trui  luie  of  iIk  \'i»!,iKiiu.ie 
IN  lli(  vtM.r  .iN  ill  :Iu-  r.i!iiu  !l.u  I  .u\  li.il  Willi  \an.iti'>ns  due  to 
tf.t  ir  spvx  I  il  I  !• '.ittiori  .i:id  li*  tlie:i  niiNie  oi  liU*.  In  s 'ine 
^jKiu>   i>f    y «/f ./.^^ /./.  ai.ti    I'-pt'i  i.i.ly    in    tlir    (^umoim  gcn»is 

Aft^  I  w';  <  ,  (  .1.  ii  (c!.  •!  the  t...i!!u»  In  a!ii-.ui\'  pi<  a  .ikd  w;tll 
tw  t  K  ;!..!   ii  it  till  -^1   (  \\\\  .III    nil 'li' 'till  Ns 

1  lit-  ii:..«  (  liiii.ii  (  /i.' //'.".  /.  r/;.  ';./t  sjnv  .<  >.,  \\\\\\  \\\k  ii  ,;.  l.dir.xU:! 
cit-ktl  |.,,  ati'  P-'  i-s'-itt  >•  \\\  lMp.irti::>in  \'\  iiuiltipaititioii 
uiiiut  i:.  i:..i::.ii -.  I  i!  w.ili  ;  the  iliv;  ■.■»:!  i-.  .it  ^.l■^t  l'-:.;;:- 
tii«..n  I..  \*\»\  \\\  i;.  •»•  I  i-r^  \kw  s  •■  n  Im  i  i. •.;.'»  t!.i:is\».j^i  \*\* 
l!i.  t  li!:  :i  i!  t!i«  I  ;  ..»i.iti!i  '  wall.  \'ii\  o'lfil  t!i«"  I'Mir 
ii.it.    '!.!•  :   *»      •       ).■•%     .1     l*iiili!it\'    t'l    t.4V.r    tl.c     t'-fin    !•!     tin* 
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mother-cell  by  the  absorption  of  the  dividing  walls  within 
the  latter,  which  is  then  to  be  compared  to  a  sporangium 
with  4-8  or  more  zoospores.  These  are  set  at  liberty  by  the 
rupture  of  the  sporangium-envelope. 

In  some  cases,  though  rarely,  the  sporangial  division  passes 
into  the  Gloeocysiis-sXdjg^  or  condition  by  the  gelification  of 
the  wall  of  the  mother-  and  daughter-cells  {Chi,  pulvisculuSy 
ChL  intermedia), 

A  very  interesting  condition  is  that  which  I  have  described 
in  the  case  of  C/d.  intermedia  ^.  We  have  here  a  reduction 
to  a  Tetraspora-Xy^^^  in  which  the  cells  are  grouped  in  a 
single  plane.  By  the  further  division  of  each  of  the  four 
cells  this  stage  is  able  to  assume  a  very  singular  form,  which 
I  have  named  the  larval  stage.  In  this  case  each  segmen- 
tation in  the  four  cells  is  in  a  direction  perpendicular  to  the 
division  of  the  next  cell.  A  similar  mode  of  segmentation 
is  well  known  in  certain  Volvocineae  ( Volvox  and  Eudorina)  ^. 
I  have  observed  it  in  all  the  genera  of  this  family,  and  also 
in  the  lowest  forms,  such  as  Chlamydomonas,  This  condition 
has  been  called  the  Gonium-std^Q,  It  is  only  a  modification 
of  the  ordinary  TV/roj^^r^-division,  for  it  may  already  be 
observed  in  the  true  Palmellaceae.  The  only  difference  is 
that  here  the  cell-walls  separating  the  products  of  the  division 
are  only  subsequently  gelified,  so  that  all  the  cells  lie  very 
close  to  each  other,  forming  a  very  peculiar  plate-like  body. 

In  Chlamydomonas  variations  are  chiefly  found  in  the  cell- 
contents  ;  the  chromatophore  may  be  continuous  or  perforated, 
with  or  without  one  or  several  pyrenoids ;  the  latter  are  also 
variable  in  form  in  the  different  species.  The  species  of 
Sphacrella^  with  their  envelope  remote  from  the  body,  are 
also  closely  related  to  Chlamydomonas ;  in  the  earlier  stage  ^ 
they  cannot  be  distinguished  from  that  genus,  and  the  wall  is 
close  to  the  body.     For  this  reason  some  young  stages  of 

*  Hall.  Herb.  Boiss.,  1894,10c.  cit. 

'  Goebel,  Ueber  Eutiorina,  Gnmdzuge  der  Systematik,  p.  41,  Fig.  17. 

•  Cohn,  Nova  Acta  I^opold  XXII.     Also,  Chodat,  Ncigc  rouije  du  Col  dcs 
Kcandics,  Bull.  Herb.  Boiss.,  1896. 
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Sphaerella  have  been  described  by  several  authors  as  new 
species  of  CMamydomoHos '  {jChl.  nii*alis^  Lagh.,  Ckl,  sat^gmMta), 
In  some  forms  of  CklamydomoHos  the  cell-walls  become  more 
and  more  reduced  and  are  sometimes  altogether  wanting.  From 
these  forms  to  the  metabolic  species  and  genera*,  such  as 
CMoraster^  PyramitwmoNos^  and  Pdyblepharis^  the  passage 
tt  easy. 

The  genus  Gonium^  which  has  been  separated  in  nearly  all 
the  s)'stems  from  Cklamydomonas  and  placed  in  a  different 
family,  is  very  closely  related  to  the  latter.  They  may  be 
considered  as  Volvocineae  in  which  the  tetrasporoid-stage 
is  undergone  in  a  motile  condition.  Gamimm  sociale  can  be 
very  easily  reduced  to  a  unicellular  form  which  can  multiply 
in  this  stage  for  a  certain  time,  as  is  shown  by  our  pure 
culture  experimenUi.  A  Glc€ocysHs<xsfiRA\\\xm  is  also  very 
easily  obtained  by  gradual  concentration  of  the  nutritive 
solution.  G,  ffctoralt^  which  at  its  normal  stage  is  a  sixteen* 
celled  motile  colony,  has  been  reduced  in  our  experiments 
to  four-celled  colonies,  which  are  very  like  G.  sociale.  We 
could  only  determine  by  further  cultivation  to  which  of  the 
two  species  such  forms  belonged  In  these  young  stages 
of  G.  fectorale  each  cell  of  the  four-celled  colony  divides  into 
sixteen,  and  thus  produces  successively  or  simultaneously  four 
new  »ixti'rn*cHlc(l  coli>nies.  This  can  be  ver>'  clearly  verified 
in  cases  uhrrr  only  a  single  cell  of  the  tetrad  divides.  This 
siKxici  is  aU<»  c.i|mI>Ic  ^f  siilisisttng  in  a  unicellular  stage. 

In  PaH*ioriHit  the  carlicHt  st.i^e  is  the  larval  condition^  which 
is  transformeii  by  dt-^rte^  int(»  a  globular  condition  by  the 
rolling  in  of  the  ed^rs :  in  certain  cultures  of  thin  s|Krcies, 
however.  I  could  ulitain  m(»tile  sta^cfi  of  the  5lia|)e  of  Gonium 
fcitvraU  \  only  le*^^  rev:ular ;  and  aUo  by  (;elification.  rcsting- 
sta^en  like  the  ^ //« r« « /J /li- stage  4 if  (m\»»inm  siKiatf. 

*  la,:rfK.  nil.  I'M-  s^hlvrrrt.fa  .'r«  ruhliicha,  llrlUMc  t'.rf  tVul»«.h  Ikil.  i*t%. 
■  Src  |»i:i.  |i:r  i  kUmtMm,*mui  unti  Vri«AA«!lr,  jAhrtntcbrt  luf  wlMmKb.  HoC. 
'   l^A.    (.1  .  MAlflfuuft  |4jui  tci«lf,  Jki.,  I.  |>|>.  JvJ  *'**'  S'/«- 
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The  origin  of  the  thirty-two  cells  of  the  coenobium  of 
Eudorina  is  the  same  as  in  Patidorina ;  we  have  here  merely 
the  larval  stage  more  advanced  in  division,  following  the  same 
law.  By  degrees  the  thirty-two  cells  thus  formed  group 
together  into  an  ellipsoid,  which  at  first  is  open  at  one  end. 
Up  to  the  adult  condition  this  origin  is  still  apparent,  the  two 
poles  being  different.  Non-sexual  reproduction  by  the 
formation  of  a  coenobium  of  four  to  eight  cells  arranged  as  in 
Pandorifta,  viz.  close  to  one  another  and  not  surrounding 
a  gelatinous  body,  is  very  often  produced  in  our  cultivations. 
These  may  be  easily  distinguished  from  Pandorina  by  the 
mode  of  attachment  of  the  cilia  and  the  more  globular  shape 
of  the  cells. 

The  origin  of  a  Volvox-zoXoxiy  is  quite  the  same  ^  The 
larval-condition  is  here  still  more  pronounced  than  in  the 
others ;  but  owing  to  the  greater  specialization  of  the  indivi- 
duals composing  such  a  colony,  the  polymorphism  is  less 
marked.  A  unicellular  stage  is  up  to  the  present  unknown. 
Thus  considered,  the  Volvocineae  constitute  a  very  natural 
group  in  which  the  prevailing  tendency  is  to  replace  the 
resting-stage  of  similar  Palmellaceae  by  the  motile  condition. 
The  evolution  of  the  group  can  be  followed  step  by  step.  As 
has  been  demonstrated  in  Chlamydomonas,  we  can  trace  two 
different  lines  of  development ;  one  has  a  tendency  to  retain 
the  unicellular  condition,  the  other  to  form  a  more  or  less 
complicated  colony. 

The  possibility  of  an  indefinite  variation  in  Chlamydomonas 
is  also  very  clearly  shown  by  the  variability  of  the  cell- 
contents,  which  are  very  uniform  in  the  other  Volvocineae, 
and  still  more  in  the  different  forms  of  sexuality  found  in  this 
genus.  Isogamy,  heterogamy,  and  conjugation'^  have  been 
observed ;  whilst  from  the  isogamous  Chlamydomonas  or 
isogamous  Gonium  ^  to  the  very  highly  differentiated  anthero- 

*  See  Kirchner,  Stein  und  Klein,  in  Prinj^'shei.-n's  Jahrb.  f.  Wiss.  I?ot.  XX,  and 
in  Cohn's  Beitr.  zur  Hiolog.  III. 

'  Crorochankin,  loc  cit. 

*  Cbodat,  Materiaux,  1,  p.  597. 
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aeoid  and  oosphere  of  VolxHfx^  there  are  the  two  gnuiiiated 
intermediate  stages  in  Pandorina  and  Eudarina. 

Protooooonoene. — In  the  same  way  that  it  is  ponible 
to  derive  the  Volvocineae  theoretically  from  the  Palmellaceae 
by  the  prevalence  of  one  of  their  peculiarities,  namely,  their 
motile  stage,  it  is  not  less  natural  to  imagine  a  similar  origin 
fiDf  the  Protococcoidcae,  in  which  group  the  motionless 
sporangium-stage  is  the  most  important. 

As  the  close  connexion  between  the  two  groups  is  not  so 
clearly  apparent  as  in  the  former  case,  we  may  consider  the 
Protococcoideae  either  as  the  product  of  a  special  evolution 
from  a  reduced  stage  of  filamentous  Algae ;  or  else,  as  appears 
to  me  more  natural,  as  the  direct  product  of  the  evolution 
of  sporangium-conditions  in  supposed  Palmellaceae. 

In  the  lower  forms  there  are  globular  cdb  with  smooth 
or  more  or  less  ornamented  cell-walb ;  the  latter  are  generally 
the  firmest.  Their  propagation  takes  place  by  the  develop- 
ment of  zoospores  or  spores.  All  their  reproductive  processes^ 
houTver,  show  a  very  marked  tendency  to  transform  these 
motile  elements  into  resting-spores. 

We  have  in  iiolmkinia  radiata  (Chod.)'  a  particularly 
instructive  case.  The  globular  cell  has  a  rather  thick  cell- 
wall  with  filiform  radiating  prolongations;  multiplication 
takes  place  by  di!k:har{*ing  four  naked  and  half-amoeboid 
spores,  which  soon  become  clothetl ;  in  other  cases  the  cell 
can  be  rcvivcti  by  the  extrusion  of  its  cell-contents  provided 
with  a  new  smooth  though  thin  cell-wall.  Multiplication 
in  thi!»  Atage  takes  place  by  the  production  of  quadriciliate 
toospore^.  1  have  also  cIcMcrtl>ed  the  same  in  the  case  of  a 
geUtin^iun  oVc/iHii/u-cimdition.  The  production  of  motile 
element!!  is  rc|il.u'i*d  in  the  adult  <«tage  by  nakcti  non-motile 
sfxjfcs.  uhich  under  !k|)ecial  conditions  may  be  transformed 
into  very  cict'initc  s|M>re!i  with  thick  cell-walls. 

I\iimfUiti\*us  •  U  a  ^cnuH  prtxlucin^  in  its  natural  habitat 

<  .'.«.: At.  <.^/NAjifj4  r.t./ia/j.  jifufii.  lie  lk*t«i.i-)i»r,  ihy^.  XaXu  li,  |i  305. 

<  !.  •:«;,  M*lrri^Lt.  I,  |i.  Ckm,  U<   wit 
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(wet  walls)  from  two  to  four  spores  with  rather  thick  walls. 
Simply  by  cultivation  in  common  water  the  production  of 
numerous  naked  spores  is  obtained  in  a  few  hours.  They 
are,  as  in  the  former  case,  extruded  by  the  gelification  of  the 
separating  walls,  and  finally  this  substance  disappears  by 
solution.  The  nature  and  persistency  of  this  material  plays 
a  very  important  part  in  the  evolution  of  this  group,  as  will 
shortly  be  shown.  The  limit  of  the  number  of  normal  spores 
is  as  a  general  rule  two  or  four ;  the  maturation  of  these 
spores  is  rapid,  and  when  they  are  discharged  from  the 
mother-cell  they  have  already  acquired  the  peculiarities  of  the 
latter.  In  this  case  it  is  not  surprising  that  the  production  of 
zoospores  takes  place  so  rarely. 

The  form  of  the  mother-cell  is  in  the  lower  species,  or 
in  the  lower  conditions,  globular,  but  in  some  other  species 
or  adult  conditions  it  becomes  altered,  and  a  great  variety 
is  found  among  the  representatives  of  this  group  {Oocystis^ 
Kirchncriella  ^,  Lagerhcimia  ^,  Nephrocytium), 

These  different  forms  existing,  two  kinds  of  reproduction 
can  take  place.  First,  the  cell-contents  being  divided  into 
four  (as  is  the  case  in  most  of  them),  these  are  sometimes  only 
discharged  very  tardily.  Growth  takes  place  within  the 
mother-cell,  and  by  direct  heredity  these  spores  assume  by 
degrees  the  same  form  as  the  mother-cell.  The  most  striking 
example  is  given  in  Lager heimia  geuevensisy  a  single-celled 
ellipsoid  form,  with  four  to  eight  long  prolongations;  the  spores 
at  the  moment  of  their  expulsion,  and  even  before,  are 
provided  with  the  same  appendages.  Such  a  spore,  having 
at  the  moment  of  its  extrusion  the  form  and  external 
peculiarities  of  the  mother-cell,  has  been  named  by  me  an 
autospore. 

In  such  cases  this  mode  of  reproduction,  although  the 
commoner  and  more  fixed  m.ode,  can  be  replaced  under  other 
conditions  by  true  spores,  and  also,  but  very  rarely,  by 
zoospores,  from  which  the  others  are  derived,  as  is  in  some 

*  Chodat,  Boll.  Herb.  Boiss.,  1895,  p.  301,  Fig.  3. 

•  Sur  le  genre  Lager  heimia^  Nuova  Notarisia,  1895,  p.  86. 
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cases  very  clearly  shown,  partly  by  experiment,  partly  by 
comparison  with  allied  species. 

Sometimes  the  autosporcs  arc  after  their  extrusion  quite 
free  (Li^erkcimia^  OocysHs  p.  p.,  Da€tylcccccHs\  sometimes 
they  are  surrounded  by  the  gelatinous  envelope  formed  as 
stated  above ;  this  is  the  case  in  Kirchneriella^  Nephrocytimm^ 
ftc  Lastly,  the  autosporcs  which  are  not  in  this  case 
surrounded  with  this  jelly,  are  united  together  by  threads 
formed  of  this  substance,  as  in  Dattylccoccus  infmsiomam^. 
It  will  be  easily  understood  that  under  such  conditions  the 
arrangement  is  very  variable,  the  cells  being  attached  together 
either  in  one  continuous  row  or  in  radiating  threads,  or 
forming  a  branched  gelatinous  filament. 

In  this  case  the  form  of  the  mother-cell  is  susceptible  of 
great  variation  ( in  the  same  species),  the  more  modified  form 
being  a  spindlc-sha|)ed  cell.  All  these  forms  may  be  obtained 
in  a  pure  culture  at  the  same  time  by  gradual  transformation. 
When  the  four  spindle-shaped  autos|K)res  are  not  set  free 
b>'  the  solution  of  the  gelatinous  matter,  they  often  remain 
attached  in  a  single  row  as  they  were  in  the  mother-cell,  and 
by  their  exfiansion  in  a  plane  constitute  the  well-known 
coennbium  of  Sfrnn/esmus  ac$tf$ts.  All  these  transformations, 
and  those  .ibm-c  described,  I  have  observed  a  great  many 
tinicN.  and  it  is  very  i-.isy  to  rc|KMt  them. 

/\<i  .1  turthrr  Mrp,  this  little  cocnobium  pnKlucing  similar 
autosp  .rcH  unite* I  together  in  a  row  at  the-  instant  of  their 
expuUicn.  the  prtHlmtiim  of  an  ttHto'ColoPty  takes  place. 
L'nJcr  commonly  «ilis«TvtHl  conditions  this  si>  often  tnxur* 
that  it  has  l»ccn  cnnsidcred  as  the  only  mfKle  of  rrproductton 
in  St»9tfitt'swN\.  It  becomes  more  C(»nstant,  Imwever.  in  •imne 
other  s|Miie«  «*f  the  same  ^enus.  such  a.s  .S.  quiuifhanda^ 
which  ii  ^jeneially  providrd  with  l«»nj;  spincH.  In  KttfhiJium^ 
we  hav«-  in  a  u.iv  a  rcpctithin  <>f  this  mi'thtKl  ti|'  propa;.'.ati(»n ; 
the  l<in^'  «^pip.<IIr-vh.i|K-(i  if-11  tliMiles  within  the  thin  mothcr- 

'    I  K  '111  r*  Mj.uftrw  o   Sur  Ir  |4i'«iiiiir|  hitiiie  i)q  \»*H<M.mm»  Mmimt.\\n\\   llcfftn. 
Ib.iM  ,  !««/*  T   i«    \    1*4.  rf  iliiil  .  |tfi4,\.  |i^  A^j,  rt4  hi»!al,  MjltflAut,  I.  |i|..Aot.^dH, 
*  «   k«#l«t.   Malrtiai.1.  I.  |<    fioN.  Ui.    tU 
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cell  twice  transversely;  the  four  superposed  cells  show 
a  tendency  to  elongate  and  to  assume  the  spindle  form  of  the 
mother-cell.  Finally,  by  absorption  of  the  cell-wall  they  are 
set  free,  as  though  they  had  originated  by  simple  fission. 

When  there  are  some  filaments  of  Vatuheria  or  other  Algae 
in  a  culture  of  Raphidiutn  Braunii^  the  latter  plants  develop 
a  little  disk  at  one  end  by  which  they  become  attached  to  the 
filament.  In  this  case  the  difference  between  the  two  poles 
is  clearly  demonstrated  by  the  behaviour  of  the  products  of 
division.  In  most  of  the  individuals  so  attached,  the  wall 
of  the  mother-cell  becomes  more  resistent  at  the  base,  and 
only  the  upper  part  is  dissolved ;  the  new  Raphidia  arc 
discharged  and  very  often  remain  attached  to  the  edge  of  the 
cupule-like  mother-cell.  This  process  being  repeated,  a  very 
elegant  bush-like  colony  arises,  and  a  certain  similarity  to  the 
case  of  Sciadmm  is  produced. 

The  polymorphism  of  this  species  is  very  considerable. 
A  simjlar  evolution  of  the  fixed  stage  of  Dictyosphaerium  has 
also  been  described  after  repeated  observations. 

All  these  different  Protococcoideae  can  be  reduced  to  uni- 
cellular globular  conditions,  in  which  they  behave  like  the 
sporangia  of  Palmella  or  Dactylococcus  ^  I  have  also  obtained 
from  all  the  genera  a  gelatinous  condition  like  Palmella  by 
the  suppression  of  the  motile  element  and  the  disappearance 
of  sexual  differentiation.  Up  to  the  present  time  isogamy 
has  been  described  in  only  a  very  small  number  of  species. 

The  Pediastreae  constitute  only  a  parallel  group  or  sub- 
order to  the  former  one. 

As  I  have  just  shown  that  the  coenobium  of  Scenedesmus , 
Raphidium  and  others  can  be  derived  from  unicellular  and 
spore-producing  types,  the  same  theory  is  also  applicable  to  the 
Coenobieae.  Leaving  aside  Hydrodictyon^  which  seems  to  be 
a  very  peculiar  type,  the  others  are  grouped  in  several  small 
series. 

The  first    series  has  as  its  higher  type  the  curious  genus 

*  rho<lat,  Bull.  Herb.  Boiss.,  1895. 
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Hariotitta.  ami  as  intcrmciliatc  forms  the  diffcrcnl  s|)ccics  of 
Cof  la  strum. 

It  may  he  imagined  that  d^lastrum  sptuterieum^  for 
example,  has  Ixxn  ilerivtd  from  a  lower  form  of  the  Prota- 
cocci)i(lcae  with  aiitospores.  As  in  the  f<trmcr  series,  the 
s|)or(*s  may  Ik-  at  the  time  of  their  expulsion  either  free  or 
uniteti  together  by  intermc-diate  mucilaginous  matter  In 
such  a  theoretii'al  type  the  autos[X)res  would  have  been 
(^rrnipcd  in  a  globular  colony.  This  may  often  be  obscr\'ed 
in  some  very  d(»ubtful  sj>ecies.  such  as  the  S')-called  Ctilonh- 
i'i'<iuvt  itifitsh*Niiffi,  PUuroi'iKCus  anj^ulosus^  &c..  described  by 
Artari  *. 

One  of  the  causi-a  of  the  production  of  auto-colonies, 
in  thi<  and  in  other  casc*s.  is  the  rapid  multiplication  of 
the  niiclti.  At  a  very  early  sta^e  of  their  development 
after  thtir  extruni.Mi.  the  cells  (»f  the  Pedtastreae  amtain 
M'veral  nuclei  (4  \i  ^4).  liy  direct  heredity  each  tif  the  cells 
an^umrs  within  the  mother-cell  the  shape  of  the  {Kirent.  and 
\ihrn  the  mi*tluT  cril  is  provi<led  with  Hcul])tures  <»r  prolonjra- 
tu>n<».  a4  is  the  <  jm*  in  sitmr  s|)ecies  nf  iWlastrNm  and  in 
Ilttrurifia^  these  a])pc-ndat^es  arc  already  formed  at  the  instant 
«»f  tin-  r\tii»--i'»n  t.f  the  new  c<»li»nv. 

I  In.-*  till'  fv  •»!   thr  c\«*Iution  <»l  the  '/roup  mav  f>e  demon- 

•»'i.it«  <I  l»\-  !).«  '.jrv  s;r  .'  *'  V  .11  :.!l:» 'IW  « •!'  tlic*  (iittrimt  »»j)rcies 
■  •!  /  .'./..'•. -I  r*;.  fi-:  «  \.i:;.p  r  I  .  ^f'.ijtti.itfft'.  In  tlir  unliii.iiy 
I  ..riijiti  fi  !:»  I  I  1!n  itf  !:.i  i  .•<-iii>li:niii  i»l  thi-*  ^-pci  iin  rrmain 
\if:tt  ij  !-  jr'.]\t  I  ,1!  till-  tiii'.c  i'f  the*  l»irlli  •  l  the  \«mjii/  ('i>1<  inirs. 
Ih'  -•l'»":  l' •■  )■  iri  m!  •"!«•!. \  arc  ii'i  l!ieiii"''t  part  rin.>ti('d 
«•!  til' ;i  I  ;:'i:it':  in  ••tint  •  .i^i  •»  i  .u  h  o!  tin*  i«1!n  hI  the 
I  iw  T^  li  i.rv  i  s.  ;.  ir  i*i  1!.  .'i^l  i  m  priMlm  r  .\  nrw  « .iln'u  m  tliis 
t  -Ji  !  ::■  :i  •  !  i  -i  ■  f'.-i*.  :\  ■!  t  Iv  r:i.i\  '.;ivi  li:i  tli  t<  •  .1  tu«>. 
I  «  I!'  :  *•  •!•»  t--  ■  .  n*  •»  in  ^  •  /^  '• ;«»»;  1  1:1  tli"  »  «  1!-  t  u  h:i  !i  nrw 
I     '  ••;:•      .!•'     '«•::..!        1    i-  •   v       •  I  iT  ii-  'it   •■  -'i     !"  i!.if    ■  -r    InllIti- 
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In  a  similar  manner  Sorastruni  ^  may  be  derived  from  some 
unicellular  Polyedrium^  as  I  have  shown  ;  and  the  same  thing 
is  highly  probable  with  respect  to  Pediastrum^  which  is  con- 
nected with  the  unicellular  Polyedrium-ioxvas  through  the 
interesting  genus  Euastropsis  '^.  But  in  this  latter  small  group 
curiously  enough  the  zoospores  are  still  present ;  discharged  as 
in  other  cases  by  the  walls  becoming  gelatinous,  they  remain 
enclosed  in  the  vesicle,  and  their  evolution  takes  place  within 
it.  Finally,  a  new  coenobium  is  formed.  I  have  demonstrated 
by  experiment  that  it  is  possible  to  induce  Pediastrinn  to 
form  the  new  coenobium  directly  within  the  mother-cell 
without  the  intermediate  stage  of  the  enclosed  motile  cells. 
By  concentrating  the  nutritive  solution,  Pediastrum  produces 
new  colonies  in  the  manner  shown  in  Coelasirum^  i.  e.  typical 
auto-colonies. 

In  HydrodiciyoHy  which  seems  to  be  a  very  special  type,  an 
intermediate  condition  between  Pediastrum  and  Coelastrum 
occurs.  The  swarming  stage  is  attained  not,  as  in  Pediastrum^ 
outside  the  mother-cell,  but  within  it.  The  question  whether 
Hydrodiciyon  properly  belongs  to  this  group  seems  to  me  an 
open  one.  Perhaps  the  likeness  to  the  Pediastreac  is  due  to 
a  convergence  rather  than  to  a  common  origin.  There  are  in 
fact  so  many  analogies  between  Cladophora  and  this  genus 
in  the  mode  of  formation  of  the  zoospores,  and  the  constitution 
of  the  cell,  that  a  new  line  of  comparison  is  required. 

To  sum  up :  we  have  in  the  Pediastreac  a  repetition  of  the 
evolution  of  the  other  Protococcoidcae,  and  a  great  analogy 
with  the  Volvocineae  in  the  complication  of  the  thallus,  though 
for  reasons  which  are  quite  independent  in  both  groups. 

Ulvaceae-Chaetophoraceae.  The  type  which  is  realized  in 
the  Ulvaceae  is  still  essentially  similar  to  that  of  the  true 
Palmellaceae.  In  fact  there  is  only  the  greater  consistency 
of  the  walls  and,  consequently,  the  more  definite  form  of  the 
thallus.     It  is  true  that  here  the  cells  of  the  thallus  are  more 

*  See  De  La  Kne,  Sur  le  develojjpcment  du  Sorastrum,  Ann.  Sc.  Nat.,  scr.  V. 
t.  17,  1873,  ami  Chodat,  Evolution  dcs  Coelastrum ^  loc.  cit.,  p.  275. 

'  Sec  I^agerhcim,  Ueber  Arktische  Krj'ptoganien,  I.  Tromwi-Musenm.  1S94. 
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regularly  dis|>oscd,  and  the  number  of  the  cell-rows  also  it 
determinate.  With  the  i^radiial  evolution  in  the  external 
morpholo|ry,  the  thallus  of  the  marine  species  becomes  very 
definite,  and  in  some  cases,  like  linteromorpha.  active  apical 
cells  play  a  predominant  part  in  the  development  of  the  new 
tissues.  Throui;h  the  i^enus  Monostroma ',  and  especially 
throu|{h  the  fresh- water  species,  the  Ulvaccae  are  closely 
connected  with  Tetraspora,  I'he  disposition  of  the  cells 
dividini;  at  ri^ht  angles,  above  described  in  the  Volvocineae 
and  r.ilmellaceae.  is  here  also  of  ver>'  comnmn  occurrence. 
With  regard  to  the  early  development,  there  are  several  very 
variable  modes.  The  youn^  thallus  may  take  a  {^lobular, 
tctrasi>oroid,  or  shortly  filamentous  shajx:.  The  Palmella- 
condition  is  also  found  under  certain  circumstances  in  Mono* 
stroma,  and  resting;  cells  with  thick  cell-walls  arc  very  easily 
formed,  as  in  the  ralmellaceae.  The  priKiuction  of  macro- 
and  micro^anutes  or  Zf)o^|)ores  takes  place  in  the  same 
manner,  and  isio^amy  is  c|uite  as  fre^iuently  obser\'ed.  There 
can  be  no  doubt,  therefore,  about  the  close  affinity  of  the 
Ulvaccae  to  the  Palmellaceae. 

The  jiame  may  be  said  of  the  Chaetophoraceae,  which 
cuHNlitute  anuiher  (;roup.  The  |K>lymorphism  of  Stii^iitc Ionium 
i^  well  known  ^  .  tiiis  Al^.i  \\\\\\  its  branched  fiLunenls  can 
.iHstinu*  a  /*ii/w/*//ii-t  Miu!ili»»n  *,  anil  in  every  sl.ij.jr  i-f  iIn  lite 
exhibit^  M>nie  vny  stiikiM;^  intKiil'u.itiitns.  The  .uhiit  plant 
Ci'iiMNtsol' a  rln/oMU' with  br.iiichrd  hl.imcntsaiul  suiijlen  ceIN, 
fiont  uhJLh  ihi/i'inc-.iii.sc  hirthei  bi.uuht'cl  filament n  terminating 
in  h.itfN  Hut  tlic*  ratinfu  ati«inN  air  very  incimstant.  and  cun- 
scfjiiintly  the  liiltrrriit  ^|N-l  irN  h.i\c  ii«it  bren  distinguished 
uith  accur.uy.      l..ui)   tit    the   lcIIn  t.iii   Mp.irate'    tii»ni   the 

*    Kri:ac.     I   rlnr     .1/.  N,-/r.'"tj    ,H,L$ttm,    \%.  \x\i\'.:     f     \\  ift«ri.ftk.h      It4      II, 

I    ;■     ■•:* 
wi:  i    it 
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whole  by  forming  a  macro-zoospore  (as  in  Palmellaceae)  or  by 
transformation  into  a  PalmeUa-stSige.  The  first  modification 
takes  place  generally  in  the  erect  filaments,  the  second  is  more 
commonly  found  when  the  plant  is  in  the  rhizome  sts^e. 
Each  of  these  cells  can  form  a  globular  sporangium  with  4-8 
quadriciliate  zoospores;  in  other  cases  subdivisions  are 
effected,  as  in  Tetraspora^  and  these  can  gradually  pass  into 
a  GloeocystiS'ZOx\d\\\ovi  or  ProtococcuS'Zond\\Xovi  for  the  same 
reasons  as  above  indicated  in  the  Palmellaceae.  In  the 
ProtococcuS'Staig'Q  (sporangium-condition)  the  zoospores  can 
be  transformed  into  spores  which  by  mutual  pressure  become 
more  or  less  polyhedric.  After  the  destruction  of  the  cell- 
wall  these  daughter-cells  may  remain  united  together  and 
constitute  multicellular  bodies,  from  which  zoospores  or  spores 
similar  to  those  of  the  mother-cell  escape. 

But  I  have  also  observed  the  same  thing  in  the  erect 
filaments  and  also  in  the  gelatinous  condition.  In  all  the 
lower  Chaetophoraceae,  Ctenocladus^  Chaetonema^y  Endoclo- 
niuffty  similar  conditions  also  exist.  In  the  genera  Chaetophora 
and  Draparnaldia  this  is  less  marked  and  confined  to  special 
developments. 

This  polymorphism,  which  shows  us  so  clearly  the  rela- 
tion of  this  group  to  the  Palmellaceae,  is  of  the  greatest 
interest,  and  is  similar  to,  though  not  identical  with,  the 
following,  studied  by  me  in  Pleurococcus  imlgaris. 

This  plant  is  apparently  well  known.  It  grows  on  the  bark 
of  trees,  on  wet  stones,  on  turf  in  mountainous  places  or  on 
bare  wood  in  damp  places,  and  is  of  a  characteristic  green 
colour.  In  opposition  to  Gay,  Artari,  and  Klebs,  who  believe 
in  the  fixity  of  the  form  of  this  Alga,  I  have  arrived  at  the 
conclusion,  after  three  years  of  continuous  research,  that  its 
variability  under  different  circumstances  is  very  great.  Under 
this  name  we  must  include  not  only  the  common  form  without 
a  pyrcnoid,  but  also  the  similar  one  with  a  pyrcnoid   {PL 

*  n liber,  Sur  nn  etet  particiilicr  dc  Chaetonema,  Bull.  Herb.  I^oiss.,  iSpf, 
p.  164. 
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simplex^  Artari  M,  as  well  as  such  very  difTcrcnt  forms  as  Cysto^ 
ciKCus  and  Protococius  vulj^aris* 

This  plant  having  been  considered  as  the  type  of  the  so- 
named*  rieiirococcaceae'  by  recent  authors,such  as  Klebs.Wille, 
&c..  it  is  necessary  to  ^ive  somewhat  full  details  concerning  it. 

As  generally  described  in  its  natural  and  commonest  con- 
ditii»n,  the  four  cells  are  arranged  in  one  plane,  and  each  cell 
is  characterized  l)y  a  parietal  chromatophore.  \\y  rc|>eated 
divisions  very  regular  thalli  arc  formed,  in  which  the  cells  lie 
c]o>e  together.  This  very  Ctiminon  condition  of  /Vc7/nv<v<//j 
xulj^tvis  is  the  aerophilous  form,  which  produces  a  more  or 
less  thick  stratum  on  the  bark  of  trees.  In  a  nutritive  solution 
the  culture  of  this  plant,  gathered  in  very  dr>'  places,  is  often 
im|)os>iblc.  When,  hi>wever.  in  such  a  solution,  the  aeration 
IS  gootl.  Some,  or  all.  t>f  the  individuals  grow  very  well,  and 
after  some  days  or  weeks  the  formation  of  a  short  filament 
begins  by  the  protrusion  of  a  prol«ingation  continuous  with 
the  /Vf*///.f«<4//3-celI.  In  some  cases,  out  of  the  four  or  eight 
ccll.'N  (if  a  tli.illu'^.  only  a  single  one  pnHluccs  such  an  ex- 
pansifin,  v»  that  it  is  unipiotionable  th.it  the  filament  belongs 
to  a  trLie  /Vf/z/m  «<//.«  in/;;  tin's.  In  other  instances  hum  two 
to  eight  do  the  s.iinr.  The  growth  i>f  the  filamentN  is  always 
Siow.  .11x1  uiun  tiuy  l>e<.>'ine  in<iie  eUingated  division  by 
'*r;Miu-:it.ii  ••:»      iiui^.       I  lii^i    \\\A\    a!-^  »  he  i»!>*.tr\t  <l   in    I.ifj^er 
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It  is  not  necessary,  however,  to  have  recourse  to  cultures  in 
nutritive  solutions ;  in  wet  years  all  these  developments  can 
be  observed  on  the  bark  of  shady  trees  exposed  to  rain  and 
moisture.  I  have  renewed  these  experiments  by  starting 
with  Pleurococcus  gathered  in  various  localities  in  Switzerland 
and  France,  and  have  always  arrived  at  the  same  result. 

A  second  variation,  which  is  quite  as  frequent,  is  the  pro- 
duction of  spores.  In  cultures  or  in  fresh  conditions  this 
takes  place  sometimes  by  the  gradual  solution  of  the 
separating  cell-walls  of  the  thallus.  During  this  process 
the  cell-contents  acquire  a  special  envelope  and  become  more 
and  more  globular.  The  general  envelope  of  the  thallus  is 
not  altered,  but  assumes  the  function  of  a  sporangium-wall. 
In  this  case  it  may  be  that  on  a  large  thallus  one  half  of  the 
cells  undergo  this  transformation,  whilst  the  remainder  retain 
their  normal  structure.  Some  of  the  cells  of  these  small 
typical  thalli  may  grow  larger  and  become  more  globular; 
at  length  the  latter  are  separated  from  the  normal  cells  and 
constitute  very  different  bodies,  in  which  division  of  the 
contents  generally  takes  place  very  soon,  and  spores  are 
formed  in  this  way.  This  production  of  sporangia  is  of 
frequent  occurrence  in  connexion  with  the  normal  Pleurococcus 
cluster  of  cells,  in  which  I  have  often  observed  not  only  the 
above-described  sporangia  but  also  at  the  same  time  more 
or  less  developed  filaments.  This  shows  very  obviously  how 
difficult  it  is,  with  regard  to  this  and  other  productions,  to 
discover  the  true  cause  of  their  formation,  when  they  grow 
not  only  under  the  same  conditions  but  even  on  the  same 
plant. 

Finally,  each  cell  of  the  more  or  less  complicated  cluster 
oi  Pleurococais  can  be  renovated  by  a  similar  process  as  I  have 
just  described  above  for  the  formation  of  spores  from  the 
vegetative  thallus ;  but  in  this  case  the  renewed  cells  retain 
the  same  elongated  or  more  or  less  quadrangular  form,  and 
are  consequently  very  like  some  Stichococcus.  But  this  is 
only  an  external  resemblance.  Stichococcus  is  quite  a  different 
plant,  belonging  to  the  Ulothricaceae.    All  these  sporangium- 
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formations  I  have  obtained  in  my  pure  cultures,  and  have 
alsf)  ob*^*r\'cd  thcin  in  their  natural  habitats  on  many  occasions. 

Nae^cli  has  distin^^uished  under  the  name  of  Cystococcus 
a  unicelhihir  Al^^a  which  he  believed  quite  different  from 
PUufOiOiiUs,  In  his  drawings  the  cells  arc  (globular,  with 
a  stellate  chromatophore.  and  a  very  distinct  pyrenoid,  which 
has  ciften  l>een  taken  for  the  nucleus.  On  one  side  there 
is  a  clear  space  containing  a  nucleus.  lie  al.so  describes 
a  cell-division  in  which  the  numerous  daughter-cells  are 
IKjIyhedric  by  mutual  pressure.  It  is  well  known  that  Cysto- 
Cttii'u^  can  prcKJuce  biciliatc  zoos(K)res.  I  have  also  observed 
very  minute  gametes  fusing  together  a  short  time  after  their 
expul>i«>n.  This  plant,  if  only  known  in  this  stage,  could  be 
taken  as  a  ty|H:  i>f  the  Trotococcoideae,  for  in  it  may  be  very 
easily  observetl  the  tiansformation  of  the  zoos|x>res  into  non- 
motile  sj)<)res.  Hut  CystiHixcus  is  not  a  member  of  the  Proto- 
coccoideae  at  all  ;  it  In  merely  a  .stage  of  the  development 
of  rUkifiiHihs, 

1  lidvc  already  stated  how  in  the  same  PUnrococcus  the 
difTercnt  cells  can  pHnluce  a  globular  s|M>rangium  with  spores, 
a  transformation  of  a  part  of  the  thallus  into  a  false  spo- 
ranv^iiim.  and  branchet!  or  unbranched  filaments,  and  the 
same  pli.iMN  may  Ik-  ol>'*erved  ifi  the  CysUxocius  in  its 
typu.t!  !»'rtn,  an^i  tin-  tiur  lUturiHxHiUs^  which  is  pro\ided 
uiili  \rr\  •!i!irTrnt  i  hi om.tt' •|*li'»rcN.  l-\»r  in^iancc,  I  have 
rcjKMtrtlly  I1"!l.rt!  •  •{)  the  ^nDf  th.iilus,  With  «)r  without 
pyitn  •i<!h  of  tl..l^l^^!^.  tvpii.il  rUu? ixwiUs  ccIN  with  parietal 
ciiriM)..it<>ph«M  >.  A\\\\  tMir  01  niitie  (  liAifHiMJ-crlN  with 
a  m-  fi  oi  it  N>  ttllitr  ihn>Mi.iti'ph»>ir.  In  *»ui  h  cases 
I  \\A\v  M  ni  :hi  »  xjniJsu'H  ol  ihr  /<Mis|Hircs  or  ^anutes, 
wlii-Nt   II)  <t!hi  I   ( i  IN  ••tthc  H.iinc  thallus  s)Ktir!i  were  formed  *. 

\     ■    *■     y'c         ••  \     ■  •  '   \   \  r       »  •     •■•        »'*•■»•*..•   'rr     \\\t    naiiir    o| 
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The  appearance  of  the  chromatophore  when  the  Cysio^ 
coccus  form  is  developed,  or  in  a  free  condition,  is,  as  usually 
described,  somewhat  stellate  and  always  with  an  incision 
on  one  side.  By  division  this  appearance  often  changes  into 
that  of  a  flat  cup,  the  upturned  edges  of  which  cause  the  cells 
to  look  as  if  there  were  parietal  chromatophores. 

I  cannot  sufficiently  insist  upon  the  fact  that  all  these 
various  formations  are  not  only  found  separate  and  combined 
on  the  same  spot  of  bark,  but  even  on  the  same  thallus. 

Besides  the  formations  here  mentioned,  the  student  can 
follow  step  by  step  in  older  and  more  concentrated  cultures 
the  development  of  very  curious  gelatinous  conditions  which 
are  very  similar  to  the  genus  Hormotila  described  by  Borzi. 

To  sum  up :  Pleurococcus^  in  the  various  conditions  of  its 
evolution,  may  develop  branched  filaments,  sporangia  with 
zoospores,  gametes,  and  spores.  This  is  sufficient  ground  for 
removing  this  plant  from  the  order  Protococcoideae,  and  con- 
sidering it  as  a  type  of  the  Chaetophoraceae,  reduced  owing 
to  its  existence  as  a  lichen-gonidium. 

In  this  order  isogamy  only  has  been  described.  In  a  recent 
paper  one  of  my  assistants,  Dr.  J.  Hubert  has  carefully 
studied  the  curious  heterogamy  of  Aphanockaete,  of  which 
I  had  at  the  critical  moment  collected  specimens  growing  on 
Oedogonium.  In  this  epiphyte  the  central  cells  of  the  bilateral 
thallus  become  greatly  developed  and  produce  oogonia.  At 
this  time  the  latter,  like  the  other  cells,  are  provided  with 
a  typical  hair.  The  cells  of  the  periphery  contain  the 
antheridia,  which  are  much  smaller  and  paler,  sometimes 
colourless,  and  grouped  in  a  very  similar  manner  to  the 
antheridia  of  Coleochaete,  The  oosphere,  which  is  five  to  six 
times  larger,  is  set  free  by  the  swelling  of  the  inner  side  of 
the  cell-wall  and  the  rupture  of  the  upper  part  of  the 
oogonium.  The  expulsion  takes  place  suddenly,  and  the  large 
quadriciliate  gametes  remain  enclosed  in  the  mucilaginous 
hyaline  vesicle,  as  is  the  case  with  the  zoospores  of  the  same 

*  Huber,  Sar  V Apkanochcute  reptns,  Soc.  Bot.  de  France,  Sess.  extraordinaire  en 
Suisse,  1894. 
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plant,  which  Jikewiae  bear  four  cilia  and  are  smaller.  The 
male  gametes  are  formed  in  the  same  way,  rarely  two  in  one 
cell»  but  the  gelified  vesicle  is  rapidly  dissolved  and  fecundation 
can  be  effected.  The  fusion  of  the  male  gamete  with  the 
very  sluggish  oosphere.  which  is  at  this  moment  always  in 
front  of  the  empty  oogonium,  has  been  observed.  It  may 
be  compared  with  the  corresponding  process  in  CoUochaeU  \ 
in  the  two  genera  the  oogonium  and  zoospores  are  homo* 
logous.  The  oosphere  and  antherozoid  have  the  same  shape 
and  the  same  number  of  cilia  as  the  zoospores.  In  Cdecckaeie 
fmivimaia  S  for  example,  the  oogonia  and  the  cells  which  give 
birth  to  the  zoospores  are  terminal  cells.  The  antheridia 
in  both  genera  are  also  of  the  same  morphological  rank ; 
each  antherozoid  can  be  compared  to  a  micro*zootpore.  To 
this  it  may  be  added  that  the  cells  of  Cdicckaeie  are  provided 
with  chromatophorcs  of  the  same  shape,  containing  the  same 
pyrenoids  ;  and  the  hairs  and  zoospores  are  so  clearly  allied 
to  those  of  the  Chactophoraceae  and  other  Green  Algae  that 
we  may  justly  feel  greatly  surprised  to  read  in  a  serious  paper 
that  the  Cokochaeteae '  ought  to  be  united  with  the  Arche- 
goniatae,  and  separated  from  the  Chlorophyceae.  It  is  true 
the  author  admits  that  there  is  no  direct  passage  from  the 
Colcochaetae  to  the  Mosses  and  Ferns.  On  the  other  hand, 
this  direct  relationship  docs  actually  exist  between  this  group 
and  the  other  C'hactophtiraccae.  AfMaHochafte  h  beyond  all 
doubt  the  Connecting;  link  which  unites  the  two  nearly  allied 
grou|is ;  in  fact,  the  only  difference  between  the  two  consists 
in  the  fact  that  in  C  oUtHhatU  the  cxisphcre  is  not  motile,  and 
remains  encIfiNctl  in  a  sort  t^f  archci;onium.  Kut  it  must  be 
rcmcmlicrcd  that  in  the  other  genu^  the  cNmphcrc  is  almost 
motionless  4n(i  remains  in  front  of  the  iH>^oniuni. 

If.  ^s  wc  arc  pcrniittcd  to  believe  on  comparison  with 
ftimilar  caMrs,  the  iMisplierc  is  merely  a  macn>*gamcte  which 
rcmain.i  rnditMil  in  the  cell-wall,  the  sta^e  of  AphaHishatte 
b  of  the  (;rcatc%t  interest,  beini;  the  inteimetliatc  step  between 

'  Tririiftkrim.  Jahrli  fur  «Im   lloC .  lUixl  II 
*  N*,  U.  l.n    ^.11.,  |.|,    1^^,  1*1.  A^ 
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two  motile  hetero-gametes  and  the  true  sexuality  realized 
in  the  higher  types.  The  form  of  the  oogonium  of  Coleochaete 
is  simply  a  fortuitous  resemblance  to  the  archegonium,  and  is 
not  sufficient  to  establish  any  homology. 

The  analogy  with  Oedogonium,  in  which  the  two  gametes 
may  be  compared  to  two  differentiated  zoospores,  is  much 
more  marked.  The  number  of  antherozoids  arising  from  one 
cell  is  also  comparable,  and  their  origin  is  quite  different  from 
that  of  the  antherozoids  of  Mosses  and  Ferns. 

All  this  very  clearly  indicates  a  direct  affinity  between 
the  Coleochaeteae  and  the  Green  Algae,  which  considered 
as  a  whole  group  (the  Siphoneae  put  aside)  is  quite  as  natural 
a  one  as  the  Archegoniatae. 

With  r^ard  to  the  so-called  sporogonium  of  Coleochaete^ 
there  is  no  dispute  about  the  statement  that  the  ovum 
undergoes  division  after  fertilization ;  but  this  .segmentation, 
which  reminds  one  to  a  certain  degree  of  the  production 
of  the  sporogonium  in  some  lower  Liverworts,  shows  a  far 
greater  resemblance  to  similar  products  in  the  Green  Algae. 

The  fertilized  zygote  of  Hydrodictyon  divides  during 
germination  into  several  zoospores  ;  the  same  thing  is  known 
to  occur  in  Oedogonium,  In  some  Volvocineae,  such  as 
Gonium,  according  to  my  observations,  the  zygote  gives  birth 
to  four  zoospores  with  gelatinous  envelopes,  whilst  in  others 
the  zoospores  are  extruded  before  division. 

From  the  fact  that  in  the  case  of  Coleochaete  the  ovum 
is  more  protected  by  the  formation  of  a  resistent  envelope, 
germination  becomes  slower;  and  as  I  have  already  shown 
that  the  transformation  of  zoospores  into  spores  and  finally 
into  autospores  may  be  effected,  it  is  evident  that  a  similar 
adaptation  takes  place  here. 

The  little  thallus  of  Coleochaete  cannot  be  contrasted  with 
the  antecedent  plant  as  an  entirely  new  formation  ;  according 
to  all  analogies  with  other  Algae,  it  constitutes  simply  the 
beginning  of  a  normal  plant,  only  modified  under  peculiar 
circumstances.  Similar  small  thalli  are  moreover  formed  in 
Aphanochaete^  but  from  zoospores.     This  is  merely  the  result 
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of  normal  activity  due  to  fertilixation,  or  the  increase  of 
nourishment. 

Furthermore,  we  must  admit  that  in  the  Green  Algae 
antithetic  alternating^  (generations  cannot  be  distinguished ; 
for  the  prcxluction  of  zoospores,  spores,  and  gametes  depends 
on  certain  circuinstanccs,  and  occurs  in  most  c.'uies  at  every 
stage  of  the  hTc-hisior)*. 

In  conclusion  I  may  say  that  all  the  facts  above  mentioned 
relating  to  the  variability  of  the  Green  Algae  help  us  in 
studying  the  difficult  problem  of  the  phytogeny  of  these 
plants.  It  >eems  to  me  that  it  is  now  easy  to  understand 
what  are  the  leading  principles  in  the  evolution  of  the  V\>lvo- 
cineae.  IVotococcoldeac.  and  I'lvaccac.  (^n  the  other  hand, 
we  can  now  ^o  back  step  by  step  from  the  higher  branch 
of  the  filamentous  Algae,  the  (*ole<<haeteae,  to  the  lower 
Chaeti)ph(>raceae,  of  which  Pleurococcus  is  a  genus  in  a  stage 
of  degradation.  I  could  have  shown  in  what  manner  the 
riothrich.iccac  are  related  to  the  Tlvaceae,  by  such  a  series 
of  steps  as  /Vi'Mrir,  Hortnidium^  Schizof^omHm^  and  Prasiola. 
The  ('hacto|>eltidcae  are  likewise  very  closely  related  to  the 
Ulvaceae.  and  ts|Kcially  to  Monostroma.  I  hope  shortly 
to  c<*mplc-tr  in  another  (>a|KT  this  theory  of  the  evolution 
of  the  Grc-rn  .\l^j;uv 

Ihc  lr.]«*  afViniiii*.  nf  thr  Grrcn  Al^ae  .ire  not  by  any 
mraiiN  v»  •*!);%iui('  as  h-is  Imtii  rcvcnlly  asvcrtei!  by  s<»mr 
of  ihr  iM<»«it  c«»!i)|»«*if  :ii  l>«>t.inists ;  on  ihr  ii»ntrary.  their 
phyltH^rny  is  rsjieii.ill\"  tlr.ir;  .inil  the  present  p.i|irr  may 
thrf»w  some  li^;ht  on  thi**  diHuiiIt  nuliject. 
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PART  III.     THE  LEAF. 

AMONGST  the  older  monographs,  the  first  important 
contribution  to  our  knowledge  of  the  anatomy  of  the 
leaf  of  Sehj^inrlla  occurs  in  Hofmeister's  treatise  on  the 
Structure  ami  Development  of  the  Hi;;hcr  Cr>*ptogams '. 
Dealing  more*  csi>cci.illy  with  the  s|Kcics  .V.  denticnlata^ 
S.  CaUotti'i,  and  S.  MarUnsii^  he  first  of  all  gives  an  ticcount 
of  the  muilc  €»f  development  of  the  leaf,  dc*«cribing  it  as 
arising  as  a  horizontal  ridge  of  cells,  embracing  tibout  one 
quarter  of  tlir  circumference  of  the  stem,  and  first  appearing 
aUnit  right  tir  ten  cells  behind  the  a|)ical  cell.  The  cells 
fi»rming  the  ridge  uncicrgo  division  in  such  a  manner  as  to 
give  origin  to  .1  plate  two  eel  I -layers  in  thickness,  the  central 
cells  of  tlir  ritl^^e  dividing  nioie  actively  than  thi>se  nearer  the 
edge.     On  either  side  of  the  middle  line  the  cells  undergo 

ol  B«taay.  VoL  U.  ■•  ZU  Mmt ck,  iS*?.] 
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divisions  parallel  with  the  surface,  forming  a  central  core,  which 
afterwards  becomes  the  vascular  bundle.  At  the  same  time 
the  apex  of  the  young  leaf  becomes  elongated,  and  the 
cell-walls  in  this  region  become  thickened.  Division  and 
growth  now  progress  rapidly  at  the  leaf-base,  the  cells  of 
the  lower  surface  being  more  active  in  this  respect  than  those 
of  the  upper  side.  Hofmeister  then  describes  the  further 
modifications  in  the  course  of  transition  to  the  adult  form, 
attention  being  drawn  to  the  formation  of  marginal  papillae 
and  hairs,  and  the  development  of  rows  of  warts  on  the  cells 
near  the  margin  of  the  leaf.  He  further  points  out  that  the 
median  cells  of  the  leaf  are  arranged  so  as  to  form  a  network 
with  conspicuous  intercellular  spaces,  whilst  at  the  margins 
the  mesophyll  is  wanting,  and  the  upper  and  under  epidermal 
layers  are  in  contact 

Russow\  in  describing  the  leaves  in  the  genus,  speaks  of 
the  leaf  as  traversed  by  a  single  vascular  bundle,  which 
terminates  before  the  apex  of  the  leaf  is  reached.  The  xylcm 
consists  of  spiral  and  reticulate  elements,  and  is  surrounded 
by  a  scanty  phloem.  No  endodermis  is  developed.  The 
ground-tissue,  he  states,  consists  of  spongy  mesophyll,  well 
developed  in  the  more  robust  species,  but  only  surrounding 
the  vascular  bundles  in  those  with  more  delicate  leaves. 
Russow  draws  special  attention  to  the  epidermis  of  the  leaf, 
and  shows  that  it  varies  considerably  both  in  the  form  and  in 
the  nature  of  the  cells  of  which  it  is  composed.  In  some 
species  (e.  g.  5.  Kraussiana  and  5.  Galcottei)  the  upper  and 
under  epidermal  layers  are  alike,  and  he  suggests  that  pro- 
bably the  leaves  of  all  species  belonging  to  the  section 
*  Articulatae  '  have  this  structure.  Of  Spring's  section  *  Arti- 
culatae'  (which  is  not  synonymous  with  that  of  Baker)  I  have 
examined  only  one  other  species  in  addition  to  those  men- 
tioned by  Russow,  viz.  5.  sulcata,  and  in  that  species  the 
upper  epidermis  is  quite  similar  to  the  lower.  In  other  cases, 
Russow  continues,  the  cells  of  the  ligular  face  are  shorter 

•  Vcrglcichendc  Untcrsuchungen  iibcr  Lcitbiindcl-Kryptogaincn.     Mem.  Acad. 
Jrrp   St.  Pctersb.,  1872. 
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than  those  of  the  aligular  face,  as  in  A.  LyaUii,  A.  cuspulaia.  and 
pilifcra.  In  the  niajority  of  the  species  the  epidermis  of  the 
iigular  face  consists  of  p<.>lygonal  cells  almost  or  quite  i>odia- 
metric,  and  apiK*aring  conical  in  transverse  sections  of  the  leaf, 
whilst  the  epidermis  of  the  ali^^Iar  face  consists  of  elongated 
cells  rounded  or  quadrate  in  section.  Russow  further  points 
out  that  with  re^^ard  to  the  smaller  (dorsal)  leaves,  the  cells  of 
the  ligular  face  corres|x>nd  to  those  of  the  ali^^ular  face  of  the 
larger  (ventral)  leaves,  and  those  of  the  ali(;ular  face  of  the 
smaller  leaves  to  the  cells  of  the  ligular  face  of  the  larger 
leaves.  The  elongated  epidermal  cells  contain  several  small 
chloroplastid<,  the  conical  cells  generally  two,  or  occasionally 
three,  chromatophores  only.  In  some  species  (e.  g.  ^'.  Kraus^ 
sianii)  a  layer  of  conical  cells  occurs  beneath  the  epidermis 
of  the  ligular  suifacc  of  the  larger  leaves  and  of  the  aligular 
surface  of  the  smaller  leaves,  whilst  in  A.  I.yallii  this  rudi- 
mentary  |alisadc-layer  becomes  well  marked.  Stomata  arc 
dcscribetl  a.s  occurring  only  on  the  aligular  face,  but  ex- 
ceptionally in  A.  pubrsctfts  (=  .V.  Rraunii^  Bak.)  stomata 
occur  on  both  surfaces  of  the  smaller  leaves  ^  Of  the  s|>ecies 
mentioned  by  Kussow  as  having  stomata  on  the  aligular 
surface  only,  I  have  examined  all,  and  have  Ixrcn  somewhat 
\urpris<-d  to  hnil  that  no  Kss  than  three  of  them,  vi/.  .V. 
K raus^iiina  S.  iu\f*i,iittit,  :iiui  .S./z/z/r/-//,  had  >toniata  «»n  l>olh 
*h!«*s  <»f  l»*«lh  (i'T^.tl  and  \cntr.il  leaves.  I..istly.  Kvissou  caiU 
attention  to  (he  |kh  u!ur  lelN  «>t  the  epiiU  mils  of  the  ligular 
fticcif'  the  lar^^er  aiui  the  .iligul.ir  lace  ol  the  Mn.iiler  haves 
<  I  )<>ppelki  gehu  in  .S.  ////« ///iiA/,  and  tti  the  devrii»pment  of 
Nilrri.tu  hSies  .it  the  mar;.jinN  anil  on  the  Nuii.ue  ol  ctTtain 
^;»ri!rN  c  v;    A.  M,ntt'9tstt  and  .S    ^tifu phylla. 

I  \v\\\\  •  ha**  Ntiidie«l   the  mode  of  development  of  the  leal  in 
A.   MattiUMi.      H:n  results  a^^ire   in   the  main   with   those  of 
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Hofmeister.  I  do  not  purpose  in  the  present  paper  to  enter 
into  the  question  of  the  development  of  the  leaf,  reserving  that 
point  for  discussion  in  connexion  with  the  structure  of  the 
stem-apex  on  which  I  am  at  present  engaged. 

In  a  brief  note  read  before  the  British  Association  in  1887, 
McNab  *  points  out  that  in  5.  densa^  Hort.,  *S.  Poulteri^ 
Hort.,  and  5.  Kraussiana^  A.Br.,  a  triple  row  of  stomata  is 
developed  along  each  margin,  one  row  above,  one  below, 
and  one  actually  on  the  margin  itself.  All  three  species  want 
the  sclerotic  marginal  cells  so  commonly  found  in  that 
situation. 

Haberlandt's  important  paper  on  the  chloroplastids  *  may 
next  be  noted.  In  this  treatise  he  gives  a  very  full  account 
of  the  structure  and  development  of  the  chlorophyll-bodies. 
In  the  present  contribution  I  have  omitted  any  discussion  of 
these,  simply  because  I  have  nothing  of  any  importance  to  add 
to  Haberlandt's  account. 

I  may  next  refer  to  Dangeard  s  account  of  the  structure 
of  the  leaf*.  He  distinguishes  two  distinct  types  of  leaf- 
structure  :  {a)  where  the  upper  and  lower  epidermal  layers  are 
similar,  and  (b)  where  they  are  dissimilar.  Under  the  first 
type  two  sub-sections  are  constituted  :  (i)  leaves  in  which  the 
mesophyll  is  homogeneous,  e.g.  S,  spinosa^  &c. ;  and  (2)  leaves 
in  which  the  mesophyll  is  heterogeneous,  e.  g.  5.  Krausstana^ 
&c.  The  leaves  in  the  former  sub-section  have  an  epidermis 
composed  of  elongated  (in  the  long  axis  of  the  leaf)  rect- 
angular cells,  while  the  mesophyll  consists  of  long,  branched, 
narrow  cells  with  numerous  intercellular  spaces  ;  in  the  latter 
section  the  mesophyll  is  subdivided  into  two  distinct  layers, 
an  upper  palisade-layer  composed  of  conical  cells  perpendicular 
to  the  epidermis,  and  a  lower  spongy  layer.  The  type  of  leaf 
with  dissimilar  epidermal  layers  Dangeard  further  describes 
as   having   homogeneous    reticulate   mesophyll    throughout. 

'  On  the  Stomata  and  Lignles  oi  Sdaginilla,    Brit.  Assoc.  Reports,  1S87. 
*  Die  Chlorophyllkorper  der  Selaginellen :  Flora,  1888. 

'  Essai   tor   l*Anatoiiiie   des   Cryptogames   vasculaires  :    Le   Botaniste,    1889, 
p.  247. 
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The  stofnata  he  describes  as  distributed,  as  a  rule,  over  the 
midrib  on  the  aligular  face  of  the  leaf,  more  rarely  over  the 
entire  aligular  surface.  In  the  Rosubtae  group  (e.  g.  S.  con- 
vvluta^  S.  cuspidata^  &c.)  stomata,  according  to  Dangeard, 
occur  on  both  sides  of  the  leaf.  He  also  draws  attention  to 
the  sclerotic  cells  of  the  epidermis  of  several  species,  and  to 
the  uni-(or  more  rarely  pluri-)  cellular  hairs  which  occur  along 
the  margins  of  some  leaves.  Dangeard  finally  describes  the 
vein  as  composed  of  a  small  cluster  of  protoxylem*elements 
only  .Hurrounded  by  phloem,  adding  '  le  faisceau  de  cctte 
ner\'urc  nc  posscde  jamais  de  mctaxylcme  comme  celui  de  la 
tige.'  On  this  point  he  is  at  variance  with  Russow,  who 
speaks  of  the  xylem  as  being  composed  of '  Schrauben-  und 
Nctzzellcn.'  In  .V.  sulcata  Dangeard  describes  the  phloem  as 
limited  to  the  under  surface  of  the  bundle,  and  points  out  the 
occurrence  of  bast-fibrcs  (fibres  liberiennes)  in  the  phloem  of 
S,  stenofhyUa,  He  again  difTcrs  from  Russow  in  asserting 
the  prcH:nce  of  an  cndodermis,  though  '  ccrtainement  mal 
diffcrcncic.'  Wojinowiif  \  in  his  thesis  on  Selaginella  Upido- 
fk\lla^  gives  an  exhaustive  account  of  the  structure  of  the  leaf, 
calling  attention  especially  to  the  presence  of  stomata  on 
btitli  sides  of  the  ventral  leaf,  and  to  their  absence  from  the 
aligular  face  of  the  (hirs^il  leaf.  He  says.  s|)eaking  of  the 
latter.  '  1  )ic  Mpiiiermi.s  diescr  .Seite  ulcr  (ir^ani>chcn  untercn, 
\i'm  Slen^'el  .il»^i  wrfulctiii  .Seitel  fuhrt  kcine  SpaltufTnun^en.* 
ami  a^.iin  *  In  dir  l-!)iu!(-riTUs  der  ni^anischt-n  OlK'iNiite  ul.  h. 
der  lUni  .Mtnj,;el  .iiilui^riulein  hiiden  sith  SpaltotTnungen.* 
In  thi*  Nt.iti  tiit-iit  he  I**  sii]ip(iitc-ti  iiv  iMJksun  1/  <  ,  who  5;iys, 
in  «!iMU-«.Hin^  the  doi^.d  ie.it,  *  I  )>ideriiu<>  p.i  den  undrc  luppat- 
\.ind.ii  \t.iii  tie'^t.Ai  A\  I.ifi(:str.iek.t.i  itlirr  nieil  tunn.i.  luistan 
r.iKi  iiic  ll.ii.v.i;;^*  I  i»ih  H.ik.n.ir  klytojipiiin^ar.  VX  lirn  «»l'rc 
iin.itv.it)i!.t  ■  'id.iM  fiiifi.is  \ttci.Ht  t.i!rik.i  klyfoppnin^.ir.  hvilka 
.iii»  ti'd.l.i  •■•\rf  lit  !.i  Man/  I  li.ivc  ex.iiniiud  .1  \ery  l.ir^je 
n  .i:dief  ^\  N|MMniirns  fi«»m  tlie  n<'t.in:i  (i.iideiis  nl"  Kew, 
.^tia^^S.iT^.  (fl.is^;..w.  \c..  and  in  .d!  lascH  I   tt)untl  tliat  ihi^ 

l*l!f*^T     I'M'}'  ^-.r ,      \|.Al-i||.ir    uxA     I  l.i-i|;ir    lit  I     .N.    ../«.f.-/4|i'.4.    ^|»: 
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dorsal  leaves,  as  ia  the  case  of  the  ventral  leaves,  bear  stomata 
on  both  sides. 

Erikson*s  monograph  ^  deals  in  considerable  detail  with  the 
leaf-structure  in  the  Lycopodiaceae.  The  author  has  examined 
thirty  species  of  Selaginella^  apparently  chiefly  from  herbarium 
material ;  of  these  I  have  examined  twenty.  His  work,  to 
a  large  extent,  covers  the  same  ground  as  my  own ;  still,  as 
I  have  had  opportunities  of  studying  thirty-two  species 
which  Erikson  has  not  had  access  to,  and  as  I  am  able  to 
supplement  to  some  extent  many  of  his  observations,  and  to 
add  several  points  which  he  has  not  touched,  I  may  venture 
to  consider  his  memoir  as  not  rendering  the  publication  of 
the  present  paper  altogether  unnecessary.  Into  the  details 
of  his  work  I  need  not  at  present  go,  but  merely  give,  for 
convenience  of  comparison,  his  scheme  of  classification  of  the 
species  according  to  their  leaf-structure.  Erikson  distinguishes 
three  types  of  leaf:  the  first  division  includes  such  as  have 
leaves  with  the  upper  epidermal  cells  conical  and  with,  at  the 
same  time,  a  homogeneous  spongy  mesophyll,e.g.  5.  Martensii^ 
&c. ;  the  second  group  includes  those  which  have  leaves 
provided  with  a  distinct  palisade-layer,  some  of  these,  like 
.S'.  KraussianUy  with  upper  and  under  epidermal  layers  similar, 
others,  like  5.  Wildenowii,  with  upper  epidermis  difTcrent 
from  the  under.  The  third  group  have  leaves  without 
palisade-layers,  again  subdivided  into  those  with  a  similar 
epidermis  above  and  below,  e.  g.  5.  spinosa^  and  those  with 
epidermis  above  and  below  dissimilar,  e.  g.  5.  serpens.  In 
comparing  Erikson 's  scheme  with  that  of  Dangeard,  it  will 
be  seen  that  the  former  takes  the  presence  or  absence  of  a 
palisade-layer  as  the  basis  of  primary  division,  and  subdivides 
the  groups  according  to  whether  the  epidermis  of  the  upper 
side  is  like  that  of  the  lower  side  or  unlike ;  whilst  Dangeard 
selects  the  character  of  the  epidermis  as  his  primary  basis  of 
classification,  and  subdivides  according  to  the  nature  of  the 
mesophyll.     It  seems  to  me  quite  immaterial  which  plan  is 

'  Bidrag  till   Kannedomen  om  LycopodiDcbladeos  Anatomi:    Arbet  f.  Lunds 
Bot.  Instit.,  1892. 
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adopted,  although  Dangeard*s  method  is  perhaps  the  simpler 
of  the  two.  It  has  the  further  advantage  of  being  baaed  on 
a  somewhat  more  constant  character,  although  neither  the 
nature  of  the  epidermis  nor  the  composition  of  the  mesophyll, 
singly,  seems  to  me  to  afford  a  perfectly  satisfactory  basis.  In 
the  order  of  description  of  the  species  I  have  therefore  com- 
btned  these  two  characters.  The  great  majority  of  the  species 
which  I  have  examined  (thirty*two  out  of  fifty-three)  have  the 
epidermal  layers  different  in  character,  and  show  in  section 
a  reticulate  mesophyll  without  any  very  definite  psdisade- 
layer.  Three  additional  species  with  very  delicate  leaves 
have  practically  no  mesophyll,  but  possess  the  epidermal 
characters  of  the  same  nature  as  those  of  the  majority.  The 
remaining  species  have  the  upper  and  under  epidermis 
practically  alike ;  some,  however,  of  these  have,  and  others 
have  not,  a  distinct  palisade-layer.  I  have  examined  several 
hundred  leaves,  and  find  scarcely  one  of  the  characters  I  have 
mentioned  at  all  constant.  Even  on  the  same  epidermal 
surface,  one  finds  elongated  cells  in  one  part  and  quite  short 
polygonal  cells  b  another.  Again  with  regard  to  the  meso- 
phyll, many  species  show  a  quite  distinct  Undemy  to  form 
a  palisade-layer  (though  not  a  compact  one)  where,  on  the 
whole,  one  would  consider  the  mesophyll  to  consist  of  reti- 
culate |>arcnchyma  only.  As  for  the  stomata,  these  are  most 
variable  in  their  dintribution.  being  situated  sometimes  on  the 
ligular,  sometimes  on  the  ali|;ular,  and  sometimes  on  both 
surfaces  ;  sometimes  over  the  midrib  only,  M>metimes  on  the 
wings,  sometimes  generally  all  over  the  surface. 

In  the  arrangement  of  the  present  paper  1  purpose  first  to 
give  a  brief  account  of  the  peculiarities  of  the  lea\*es  of  each 
species,  and  thereafter  to  add  one  or  two  notes  on  special 
points,  such  as  the  structure  and  development  of  the  stomata 
and  the  htatolo^^y  of  the  vascular  bundle.  I  had  occasion  in 
a  recent  |>a|>er  '  to  draw  attention  to  the  necessity  of  ctm- 
sidering  the  internal  anatomy  in  the  classification  of  the  very 


TfMi&  ttlul.  Sue.      lJrrf|wol,  \fi^%. 
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numerous  species.  I  was  led  from  a  study  of  the  stem- 
structure  to  arrange  the  species  somewhat  differently  from 
the  scheme  adopted  by  systematists.  It  will  be  interesting 
finally  to  see  in  how  far  the  anatomy  of  the  leaf  supports  or 
refutes  the  views  expressed  in  that  paper. 


Section  I.    Anatomy  of  Species. 

A.  Martensii-Type. 

All  the  species  coming  under  this  heading  have  the  epidermis 
on  the  ligular  and  aligular  surfaces  of  the  leaves  dissimilar, 
and  a  mesophyll  consisting  of  reticulate  parenchyma.  (It  will 
be  understood  that,  to  save  repetition,  the  chief  differences 
in  histology  will  alone  be  pointed  out  Unless  otherwise 
stated,  the  characters  in  the  various  species  are  those  described 
in  the  type-species.) 

1.  8.  Martensii,  Spr.     PL  ix,  Fig.  3. 

Ventral  leaf.  The  leaves  are  lanceolate,  somewhat  elongated,  and 
unequal-sided  with  narrow,  bluntly  pointed  apices.  The  margin  consists 
of  elongated  sclerotic  fibres,  from  which  numerous  unicellular  tricho- 
mata  arise.  The  cells  of  the  ligular  epidermis  are  polygonal,  wavy 
on  surface  view,  conical  in  section.  No  stomata  occur  on  this  face. 
The  aligular  face  consists  chiefly  of  elongated  plate-like  cells  with 
sinuous  margins,  amongst  which  occur  scattered  sclerotic  fibres.  The 
stomata  are  in  several  rows  over  the  midrib,  and  the  epidermal  cells 
are  often  sclerotic  in  the  neighbourhood.  Occasionally  stomata  occur 
on  the  lamina,  near  the  margin  of  the  leaf.  Near  the  stomata  the 
epidermal  cells  are  considerably  shorter.  Cuticular  warts  occur  on 
the  surface  of  the  marginal  cells. 

Dorsal  leaf.  The  leaves  are  ovoid  oblique  with  well-marked  apices, 
and  the  margins  bear  numerous  unicellular  trichomata.  The  ligular 
epidermis  consists  of  elongated,  wavy-bordered  cells  without  stomata. 
The  aligular  surface  consists  of  polygonal  sinuous  cells,  peg-shaped 
in  section,  with  numerous  stomata.  Very  many  of  these  stomata  have 
their  guard-cells  surrounded  by  strongly  thickened  epidermal  cells, 
especially  on  the  walls  touching  the  guard-cells  (Fig.  3). 
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Ar^kM.  (Unktt  otherwise  tuted,  the  section  described  is  that  of 
the  ventral  leaC)  On  the  ligtilar  face  the  ceUs  are  cnticalariied  and 
obconic,  and  rest  on  the  lower  or  alignlar  epidennis  at  the  margins,  but 
are  separated  from  it  in  the  thicker  regions  of  the  leaf  bjr  reticuhle 
mesophjlL 

2.  8.  graadia,  Moore. 

Vmirai  Urf.  The  leaves  are  long,  rhomboidsl,  and  sharpljr  acomi- 
nate,  on  the  whole  equal-sided,  and  bear  shorter  or  longer  spines  00 
the  base  onljr.  The  lignlar  epidermis  consists  of  polygonal  oell% 
becoming  more  elongated  and  wavj  towards  the  margins.  A  few 
siomau  occur  on  this  Cmc.  The  aligular  epidermis  consista  of 
elongated  sinuous  cells,  becoming  shorter  over  the  midrib  and  having 
acattcred  sclerotic  warty  fibres.  The  stomata  are  in  several  rowsovar 
the  midrib. 

D^TMoi  kaf.  The  lea^-es  are  ovoid  pointed  oblique  with  long 
spiny  apices.  The  ligular  fMiat  bean  no  stomata,  thoogh  these  are 
numerous  on  the  aligular  surfiice.    Epidermfa  as  ih  the  type. 

Si€hcm,    As  in  S.  Markntiu 

3.  m.  ▼ogalll.  Spr. 

Vmirai  Uaf.  Leaves  triangukr  ovoid,  with  bhmt  apioea  and  without 
marginal  spines.  Stomata  occur  on  both  Hgular  and  aNguhr  surhces, 
though  more  numerous  on  the  latter. 

IWrtf/  liof.  Leaves  oblique  ovoid,  small,  with  long  apices  and 
liithout  maripnal  sfiinrfi.     Stomata  occur  00  the  aligular  surCKe  only. 

StiHom.     Aft  in  tlie  type. 

4.  8.  haomatodaa,  Spr. 

Vfnirai  leaf,  I^esvcn  ohiique,  ovoid,  acute,  faintly  spiny  on  the 
om«idr  nur^nn.  The  polygonal  celU  of  ihe  ligular  face  become  long 
and  wavy  liurdeml  nearer  the  margins;  no  stomata.  The  waUs 
of  the  aligular  eiMilermal  cells  have  irregular  thickenings  similar  to 
those  figured  a»  ociurring  in  .9.  producta  (Fig.  6).  The  stomata  are 
sunoumled  hy  iiniitar  lelU,  and  warty  Klerotic  fibres  occur  among  the 
ciwlermal  lelU. 

IXwiai  iiof.  Leaves  o%ok!.  oblique  with  a  long  cusp;  margin 
famUy  ftpin>.  Ihe  Uvular  epidcrmu  has  no  siooiau,  Imt  has  the 
same  iiregular  thickenings  that  occur  in  the  cells  of  the  aligular 
epidermit  of  tlic   ventral   leaf.      The  aligular  epidermal  ccUs  are 

K  a 
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polygonal,  becoming  longer  towards  the  margins.     The  stomata  are 
surrounded  by  irregularly  thickened  cells. 
Section.     As  in  the  type. 

6.  8.  erythropus,  Spr. 

Veniral  leaf.  Ovate,  oblique,  curved,  with  numerous  marginal 
Iricfaomata  with  red  contents.  Stomata  occur  near  the  base  on  the 
outer  region  of  the  ligular  epidermis.  The  elongated  cells  of  the 
aligular  face  ate  not  wavy,  the  tells  near  the  stomata  becoming 
polygonal. 

Dorsal  leaf.  Similar  in  form  to  the  ventral  leaf,  but  with  a  long 
cusp.  The  ligular  face  bears  numerous  stomata  distributed  over  the 
outside  half  of  the  leaf.  The  marginal  cells  are  sclerotic  and  warty. 
The  cells  of  the  aligular  face  are  long  at  the  margins,  shorter  near  the 
midrib  where  the  stomata  occur. 

Section.  The  cells  composing  the  reticulum  are  shorter  and  more 
rounded  than  in  the  four  preceding  species. 

6.  Ek  oatilescenB,  Spr. 

Ventral  leaf. .  Ovate,  curved,  pointed,  with  marginal  unicellular 
Bpines.  Stomata  occur  near  the  base  of  the  ligular  face  of  the  leaf. 
The  ceDs  of  the  aligular  surface  are  elongated,  but  not  wavy,  though 
warty.     The  aligular  face  bears  numerous  stomata. 

Dorsal  leaf  Similar  in  form  to  the  ventral  leaf,  but  with  a  longer 
cusp.     Stomata  occur  on  the  aligular  face  only. 

Section.     As  in  the  type. 

In  van  argentea  there  are  no  stomata  on  the  ligular  surface  of  the 
ventral  leaf.  In  var.  japonica  and  var.  minor  the  ligular  surface  of 
the  ventral  leaf  has  stomata  near  the  base,  and  the  epidermal  cells  are 
elongated  on  one  side  of  the  midrib  and  polygonal  on  the  other.  On 
the  aligular  face  of  the  dorsal  leaf  in  these  varieties  a  few  sclerotic  cells 
occur  on  either  side  of  the  midrib.  I  draw  attention  to  these  small 
histological  differences  by  way  of  emphasizing  the  great  variation  that 
occurs  in  the  leaf-characters. 

7.  8.  OrifBthii,  Spr. 

Ventral  leaf  Unequal-sided,  awl-shaped,  pointed,  spiny.  Marginal 
sclerotic  warty  cells  on  the  gibbous  side.  A  few  stomata  occur  on  the 
ligular  face  near  the  margin  of  the  leaf.  Numerous  stomata  and 
sclerotic  fibres  on  the  aligular  surface. 
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Drnml  kqfi  Ovate,  with  long  cuip ;  margiiw  wartj  and  qrinj. 
Sclerotic  fibres  occur  among  the  ligular  epidermal  celbi  though  no 
itomata  are  pitaent  on  this  bee.  These  are,  however,  numerous  on 
the  aligular  face. 

SecHm,    As  in  the  type. 

8.  0.  Kanmiana,  A.  Br. 

Vemirai  kaf.  Leaves  krge,  very  oblique  ovoid,  bkint  apicalljr  and 
with  basal  wings,  very  faintly  spiny.  The  polygonal  cells  of  the 
Hguhr  surface  are  more  elongated  and  vravy  towards  the  margins; 
stomata  are  absent.  Sclerotic  warty  fibres  occur  on  the  ahgular 
sorface.  The  stomau  are  very  peculiar.  Frequendy  the  walls  of  the 
gQard«€ells  are  so  much  thickened  as  to  almost  or  quite  obBterale  the 
hmina,  as  I  have  figured  in  £  tmuhma  (Fig.  7).  The  surroamBng 
epidermal  cells  are  also  greatly  thickened.  It  b  diflcuh  lo  see  how 
these  stomata  can  serve  any  physiological  purpose,  at  least  in  the 
mattire  leaf.  I  may  say  in  this  connexioD  that  I  invariably  examined 
leaves  taken  from  several  parts  of  the  plants  stixlied,  avoidhig  the  very 
yonng  leaves  near  the  apex,  and  the  old  leaves  on  the  basal  regions  of 
the  stem. 

DaritU  Uaf.  leaves  ovale  pointed  and  faintly  qriny.  Stomata 
occur  both  on  and  near  the  nutfgins.  The  stomata  on  the  aligular 
face  were  in  many  cases  sclerotic,  as  in  the  case  of  the  ventral  leaf. 

St€fiim,     As  in  the  type. 

9.  n.  suberosa,  Spr.     (Kij;.  19.) 

Vrmtral  Itaf.  C)v4tr-bnccolatr.  bluntly  putnicil  with  spiny  margins. 
The  marKinn  lave  i^arty  Klcroiic  cells  every  here  and  there,  except 
where  mafKinal  Mcimau  t»ccur.  Warty  sclerotic  fibres  also  occur 
among  ihe  alifoibr  epidermal  cells,  the  stomata  being  confined  to  the 
regvm  over  the  mi  Irih. 

/Avia/  itaf.  Ovale  with  luckwardly  directed  wings,  sfiiny  sclerotic 
margin,  ami  a  loiiK  (Uft|i.  No  »tomata  occur  on  the  ligular  face.  The 
•elerottc  tihrri  on  ttie  ali^uLir  fate  are  very  long,  thick* walled,  highly 
rrfraiti\r.  ami  warty.  Si«»niata  occur  over  ilie  mi«lrib.  and  a  very  lew 
at  the  margin!  kA  the  la^l  lol>eii. 

Six  /I I'll.     A«  in  the  type. 

Kig.  19  »h(»w«  a  fteiiion  of  the  ventral  leaf.  The  hgubr  epidermis 
cnnsnt*  vk  |ieg-«hj|»e4l  cells  with  every  here  and  therr  sclerotic  fibres. 
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One  of  these  is  shown  in  section.  The  reticulate  mesophyll  is  of  the 
usual  nature  common  to  species  belonging  to  this  t3rpe.  Two  warty 
sclerotic  fibres  cut  across  are  shown  in  the  aligular  epidermis. 

10.  8.  Btenophylla,  A.  Br. 

Ventral  leaf.  Oblong-ovoid,  bluntly  pointed,  and  slightly  spiny. 
Sclerotic  warty  fibres  occur  on  the  ligular  face;  warty  sclerotic 
marginal  cells  alternate  with  marginal  stomata.  Similar  sclerotic 
fibres  occur  on  the  aligular  face,  where  there  are  numerous  stomata. 

Dorsal  lea/.  The  leaf  is  ovate  with  a  long  cusp  and  spiny  margin. 
The  marginal  cells  are  sclerotic,  and  the  leaf  has  backwardly  directed 
lobes  as  in  S,  KarsUmana,  No  stomata  occur  on  the  ligular  face, 
though  there  are  numerous  sclerotic  warty  fibres.  These  also  occur 
on  the  aligular  face.  The  stomata  occur  not  only  over  the  midrib, 
but  at  the  margins  as  well 

Section.    As  in  the  type. 

The  vascular  bundle  of  the  leaf  of  this  species  will  be  referred  to  later. 

11.  8.  Tltioulosa,  Rlotz.     (Figs.  2,  9,  10,  16,  22.) 

Ventral  leaf.  Ovate,  oblique,  bluntly  pointed,  with  short  basal  lobes. 
The  margin  is  formed  of  elongated  pitted  cells,  from  almost  every  one 
of  which  unicellular  spines  arise.  The  spines  are  much  shorter  near 
the  apex.  Stomata  occur  on  the  aligular  face  only,  in  4-5  rows 
over  the  midrib.  Many  of  these  have  sclerotic  walls  (Figs.  9, 10),  and 
not  infrequently  one  meets  with  abnormal  stomata  with  three  guard- 
cells  (Fig.  10);  whilst  on  some  leaves  I  have  found  the  stomata 
grouped  in  twos  and  threes  (Fig.  2).  All  the  cells  of  the  aligular 
surface  are  elongated  and  sinuous,  and  provided  with  two  rows  of 
cuticular  warts  (Fig.  16).  The  cells  near  the  midrib  are  shorter  and 
have  less  sinuous  walls.  The  cells  of  the  ligular  face  are  wavy 
and  polygonal,  but  become  more  elongated  towards  the  margin  of  the 
leaf;  there  are  no  stomata  on  this  face. 

Dorsal  leaf.  Ovate  pointed,  oblique,  with  long  cusp.  The  margin 
is  spiny,  and  the  trichomes  are  especially  long  on  the  basal  lobes. 
Several  of  the  epidermal  cells  of  the  aligular  surface  of  the  basal  lobes 
bear  trichomata.  Stomata  occur  in  four  or  more  rows  over  the  midrib 
on  the  aligular  face;  a  few  also  occur  on  the  inside  lobe.  The 
stomata  are  often  sclerotic  and  abnormal,  as  in  the  case  of  the  ventral 
leaf.     No  stomata  occur  on  the  ligular  face. 

Section.    As  in  the  type. 
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12.  8.  Mrpans,  Spr.     (Figs.  4,  14,  29.) 

I  'tniral  Ua/.  ( )void,  blunt,  with  sclerotic  spiny  margins  (Figs.  4, 1 4). 
I'hc  cells  of  the  ligular  q>idennis  are  polygonal  or  rounded,  becoming 
elongated  with  sinuous  lateral  walls  on  the  basal  lobes.  The  elongated 
cells  of  the  aligular  surface  arc  provided  with  one  row  of  warts ;  the 
cells  become  shorter  near  and  over  the  midrib.  Stomata  (Kcur  on 
this  side  only. 

Dortal  leaf,  The  leaves  are  ovoid,  cuspidate,  very  oblique,  and 
tlie  margin  is  more  sclerotic  than  in  the  ventral  leaf.  Stomata  occur 
on  both  siiles — en  the  aligular  side,  where  they  are  frequently  sclerotic, 
o\er  the  midnb ;  .ind  on  the  ligular  side  on  the  outside  lobe.  The 
elongated  cells  of  the  ligular  epidermis  have  3-4  rows  of  warts. 

5Ujion.  As  in  the  type,  but  the  mesophyll-cclls  are  short  and 
closely  pocked  (Fig.  29). 

13.  8.  ou^pidAt*,  I'k. 

Ven4ral  Ua/,  The  leaves  are  broadly  ovale,  and  cuspidate  with 
a  brriad  marginal  haiul  of  sclerotic  fibres,  trichomatotu  especially 
towards  the  base.  These  marginal  cells  have  no  chloroplasudt. 
Stomata  occur  on  the  ligular  face  occasionally,  especially  on  the 
margin*'  of  the  basal  lol)es.  The  aligular  epidermal  cells  are  elongated 
iHit  not  wavv ;  there  are  numerous  stomata. 

/>"f  fj/  Ifij/.  The  Iraves  are  almost  as  large  as  those  of  the  ventral 
iu<1e,  an<l  simslar  in  form  and  margin.  Su^mata  (Kcur  on  the  lamina, 
Init  fioi  ovrr  thr  nji<lrit>.  <if  ihr  lij^uUr  face.  Numerous  stomata  occur 
on  the  .iliguUr  i.u  »• 

.S/.  tvn       As  in  iL«-  \\  y* . 

II  8.  helvotlea,  I  k.      di^-.  .•  ).  i 

\'9tif.ii  it*t/  I.<Mvrs  a^l-sha(<d.  hiunily  |Knnted,  unrqual-siiled, 
aiiJ  Uinih  sj»in\  '1  Im*  rpulcinn^  ot  thr  liguUr  face,  v^hich  bear?i  iu> 
»:iinM:a.  I  <»nM<«:<«  (it  |  'h^i^ul  t « !>  dvi-r  most  of  ihe  surfair.  but  of 
flot.g.i(r«l  .  #■  Is  M\4  f  ilii-  la-al  A\u\  .ij'ital  regions. 

I>-t  iji  ii.tf.  Ihr  .Ii-rsal  li-4\<  ?i  art*  nrurly  a<i  l.ugr  a»  iIr*  \ei)!ral, 
ah«l  'A  s\t\\.\^t  ^  .^.r  an.!  l.i"»:nli.;:u  .4I  ihafat'rrx.  >!..inaia  <M*.ur  iirjir 
an*!  «.\rf  \\.r  11. i  \t\\.  x%\\  ij,r  a'l^'uUf  ixi  V ,  A\A  ^j-ar mgU  aUo  al  thr  rtf^r 
urjkt  \\\r  luM"  i  »rj  thr  |i;rular  lai  *•  sti.n.a'.i  al  <»  <Hiur  <  \«'r  :1k-  tnuKUe 
an«l  r  \^r       I  h.  ir  H4IU  j^jc  j.ttrn  v  lrro::i 

•^  ''•  n  Ihr  rnrv.»|h\l|  (unsi^t  ol  r*ms  o|  i  l«>ngatetl  <.t-lU«  which 
uf.r  u|  ^.if'S  fruin  thr  vriitral  to  the  dur'al  surUtc  (Fig    a.i). 
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15.  8.  dentioulata,  Lk. 

Ventral  leaf.  Ovate,  somewhat  cordate,  faintly  spiny.  Stotnata 
occur  on  the  aligular  surface  only,  over  the  midrib  and  wings ;  a  few 
occur  near  the  margins. 

Dorsal  leaf.  Similar  in  shape  to  the  ventral,  but  smaller ;  faintly 
spiny.     Stomata  occur  on  both  sides. 

Section,     As  in  the  type. 

16.  8.  patula,  Spr.     (Fig.  11.) 

Ventral  leaf.  Lanceolate,  oblique,  abruptly  pointed,  with  marginal 
trichomata  at  the  base,  spiny  at  the  apex.  Stomata  occur  along  the 
edge  of  the  ligular  surface  where  the  ordinary  polygonal  cells  of  this 
surface  become  longer.  The  aligular  cells  (Fig.  n)  are  partly 
sclerotic,  and  each  bears  one  or  two  rows  of  cuticularized  warts. 
The  cells  are  shorter  over  the  midrib  where  the  stomata  occur. 

Dorsal  leaf.  Leaves  ovate,  cuspidate  with  marginal  trichomata. 
Stomata  occur  on  the  ligular  face  near  the  base.  The  aligular 
epidermal  cells  are  warty. 

Section,    As  in  the  type. 

17.  8.  oonvoluta,  Spr. 

Ventral  leaf.  Oblique  sickle-shaped,  acute,  with  spiny  margins; 
the  lamina  near  the  margins  one  cell  thick.  The  aligular  surface  only 
bears  stomata. 

Dorsal  leaf.  Ovate,  oblique,  acute,  with  spiny  margin.  Both 
ligular  and  aligular  surfaces  bear  stomata.  The  cells  of  the  aligular 
face  are,  in  most  parts  of  the  leaf,  nearly  as  long  as  those  of  the 
ligular  surface. 

Section.  Reticulate  mesophyll  between  the  two  epidermal  surfaces, 
but  the  upper  cells  (ligular)  are  closely  packed  and  form  a  pseudo- 
palisade-layer.  Dangeard  speaks  of  stomata  on  the  ligular  as  well 
as  on  the  aligular  face  of  the  ventral  leaf.  As  I  have  above  stated, 
this  is  true  of  the  dorsal  leaf  (which  Dangeard  does  not  refer  to  in 
this  relation),  but  I  have  been  quite  unable  to  find  stomata  on  the 
ligular  face  of  the  ventral  leaf. 

18.  8.  flabellata,  Spr. 

Ventral  leaf  Oblique  ovate,  bluntly  pointed,  faintly  spiny  along 
one  side.  On  both  ligular  and  aligular  surfaces  the  epidermal  cells 
vary  in  length. 
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D&nai  kaf.  Similar  in  shape  to,  but  one-tbird  tbe  ue  of,  the 
ventnl  leaves.  The  stomata  whkh  occur  only  on  the  alignlar  face 
are  frequently  sclerotic. 

SttHom,  As  in  the  type.  Dangeard's  figure  of  the  transverse 
section  of  the  leaf  (/.  r.,  Plate  XI,  Fig.  so)  shows  no  interoeDolar 
spaces.    This  is  quite  incorrect. 

19.  0.  pt^noto,  Bak.    (Figs.  5,  6.) 

Vemirai  iea/.  Cordate,  obkmg-lanceolatev  unequal-sided,  with 
sclerotic  margins,  faintly  spiny  at  and  near  the  base.  The  aligular 
epidermis  consists  of  the  usual  elongated  wavy-bordered  ceBs,  with 
many  sclerotic  fibres  interspersed.  The  stomata  are  almost  aD 
sderotic  (Fig.  5),  the  lumina  of  the  surrounding  epidermal  cells  being 
sometimes  almost  occluded.  The  epidermal  cells  also  have  numeroua 
trreguhr  thickenings  on  the  lateral  and  end  walls  (Fig.  6). 

Dersal  iea/.  Similar  to  those  of  the  %-entral  side,  but  cuspkiate. 
The  aligular  and  ligular  epklermal  surfaces  are  similar  to  tboae  of  the 
ligular  and  aligular  surfaces  of  the  ventral  leaf  respectively.  The 
stomata,  which  occur  on  the  aligular  face  only,  are  sclerotic. 

Sefiiom.  As  in  ihe  tj-pe^  save  that  the  mesophyU-ceDs  are  very 
kmg. 

20.  0.  bteuloaU.  Spr. 

IVn/ra/  //j/  Oblique,  ovate,  bluntly  pointed  with  spiny  margin. 
The  ligiiUr  rp-tfrrmi-  Wart  numerous  marginal  stomata  from  base  to 
afirx.  T\ic  margin  has  a  %iarty  sclerotic  liurdcr  Stomata  occur  o%*fr 
thr  entirr  aligular  Mirfa^-c. 

/Xyfia/  //^.  ( >l>lique.  ovoid,  cusfmlate  with  spiny  sclerotic  margins. 
5^i>mata  occur  only  on  the  aligular  surface. 

.S>i/fi*ii.     A^  in  tlie  ty|ie, 

21.  8.  uneinata.  Spr.     (Fif^s.  la.  i.).) 

I'm/rai  Itaf,  Uave*  oMif|ue.  olilong,  suhsessile,  with  quite  smooth 
(non-hair>)  l»ut  ^Irrotic  marginn.  Stomata  cKcur  on  the  aligular  face 
onlr.  tlie  Rnanltellt  laving  two  large  chloro|ila»ti(!»  in  each. 

Ik^ftal  haf.  (Kate,  with  unoolh  Mlerotic  margin.  StomaU  OQ 
the  ah^niUr  face  only. 

.VA/iPH.     At  in  thr  l))ir. 

Tlie  i1e\elo|>n>ent  o(  the  Momata  it  diirutird  in  Sect.  II. 
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22.  8.  pliimoMt,  Bak.     (Fig.  21.) 

Ventral  leaf.  Oblong  pointed,  spiny  but  non-sclerotic  margins. 
Several  stomata  occur  on  the  outside  marginal  region  of  the  ligular 
face  as  well  as  over  the  midrib  on  the  aligular  face.  ^ 

Dorsal  leaf.  Broadly  ovate  and  suddenly  acuminate  with  spiny 
margins.     No  stomata  occur  on  the  ligular  face. 

In  section  the  leaf  of  the  species  approaches  that  of  S,  Wildencwit\ 
the  peg-shaped  ligular  epidermal  cells  being  followed  by  a  layer  of 
small  cells  with  large  chloroplastids— a  pseudo-palisade- layer — followed 
in  turn  by  a  reticulum  of  larger  rounded  cells,  abutting  on  the  aligular 
epidermis  (Fig.  21). 

23.  8.  Douglasii,  Spr.     (Fig.  i.) 

Ventral  leaf.  Ovate,  oblique,  bluntly  pointed,  with  a  few  hairs  on 
the  basal  lobes.  The  spines  are  commonly  sheathed  at  the  base  by 
marginal  leaf-cells.  The  margin  is  not  sclerotic,  but  the  cells  are 
warty.  Stomata  occur  on  both  faces,  over  the  outside  of  the  basal 
lobe  on  the  ligular  face,  and  over  the  midrib  on  the  aligular  face. 

The  dorsal  leaf  is  similar  in  shape  with  a  cusp  provided  with 
hooked  spines.  The  margin  is  similar  to  that  of  the  ventral  leaf. 
Stomata  occur  on  both  surfaces. 

In  section  the  leaf  shows  a  reticulate  mesophyll  only — there  are  no 
palisade-cells. 

Both  of  these  species  (22  and  23)  show  a  tendency  to  have  the  ligular 
and  aligular  epidermis  composed  of  somewhat  similar  cells,  and  thus 
form  a  transition  to  types  B  and  C. 

The  succeeding  ten  species  conform  in  the  structure  of  their  leaves 
to  the  Martensii'iy\ity  although  their  stem-anatomy  shows  a  distinct 
advance,  having  three  or  more  steles  instead  of  one. 

24.  8.  inaequalifblia,  Spr. 

Ventral  leaf  Oblique  awl-shaped,  bluntly  pointed,  with  sclerotic 
faintly  spiny  margins.  The  axillary  leaf  resembles  the  ventral,  save 
that  the  lamina  is  equalized.  Stomata  occur  on  the  aligular  face 
plentifully,  and  a  few  also  occur  near  the  margin  on  the  ligular  face. 

Dorsal  leaf  Similar  in  shape  to  the  ventral  leaf,  but  narrower. 
Stomata  occur  on  the  aligular  face  only. 

Section,     Similar  to  that  figm-ed  for  5*.  Wildenowii  (Figs.  30,  31). 
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25.  8.  WaUlohU.  Spr. 

Ventral  leaf,  OMong  oblique,  bluntly  pointed,  without  marginal 
spines.  Stomata  occur  on  the  margin  on  the  ligular  face,  as  well  at 
abundantly  on  the  aligular  surface. 

Dorsal  leaf.  Similar  in  slia|)e  but  cuspidate.  Stomata  occur  on 
both  ligular  and  aligular  surfaces. 

Seetion.     As  in  .S".  Wildencwn, 

2ti.  8.  WUdenowil,  Bak.     (Figs.  30,  31.) 

I'enlral  Uaf.  Oblong,  unequal -billed,  with  crenate  non-spiny 
margins.     Stomata  occur  on  the  aligular  face  only. 

Dorsal  leaf.  Oblong,  unequal- sided,  cuspidate.  Stomata  distributed 
o\er  the  aligular  faic  only. 

Set/i(m.  T\w  ligular  epidermis  in  section  is  composed  of  ubconic 
cells  with  <)n<*  or  two  large  chloropla^tids  in  each,  having  their  truncated 
apurs  continuous  with  a  reticulate  n^esophyll.  The  aligular  epidermal 
cells  are  mui  h  ilee})er  in  the  centre  tliun  where  they  touch  each  other. 
The  walls  of  the  guard-cells  are  frequently  thickened. 

27.  8.  oanalloulaU,  liak.     (Ftg.  so.) 

Ventral  leaf.  Aul-sha|ied,  or  rhomlioid  with  a  sclerotic  margin 
and  a  few  ^^pinrs  near  the  a|Mrx.  A  few  stomata  occur  near  the 
marpti  of  the  ligular  suffaie,  as  %%ell  as  abundantly  on  the  aligular 
face. 

/>  f  J.//  ii,ij  >Mi.ilar  It)  sh.qKT  tun  cuspiilatr.  Stomata  occur  on 
ihr  ui.^ular  !air  olil\. 

Si.ti  n  \^  \\\  S.  W  tidtri'^uti,  «ave  that  in  m(»st  of  the  lamma  tlie 
rrt.iU.a:e  fn(-M»|>li)Il  i^  uAii.in^'.  .iixl  the  h^ular  |>e^-sha(«rd  cells  rest 
i{ir*c:!>  on  thr  .ib^'ular  epulernus  ^Fig.  iOi. 

i^    8   Mottanii,  A    lir 

Vtffr.ti  I,  if.  < 'hhm^:,  ol>ius*  )«*inteil.  vkiih  sclrri^tii  faintly  »pin> 
marc  ti«-  A  ^•"'^  ^«"^  s'omata  cmur  along  the  mar^m  of  the 
Itguiir  tot'  Stofiiita  arr  );rtief4l!y  di%trihu(eil  o\Tr  thr  aliK'uUr 
%iirt  k«  c. 

I>'.d'.  ',•  if  «  »,4tr,  i.li;u|u.-.  vkiih  Si  li-ri»!i«  f»«»n-mnny  margins. 
1  tie  stomata  iMCur  «  n  thr  ali^'uUi  Uie  onlv. 

St,:t  f%  I  Itr  \.iMuiar  liuniilr  runs  the  uholc  length  c»f  thr  leaf. 
I  \yr  n.rv  ph*II  irll*  air  \crv  sJiort. 
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29.  8.  Iiobbii,  Moore. 

Ventral  leaf.  The  shape  of  the  ventral,  axillary,  and  dorsal  leaves 
is  that  of  the  leaves  of  £  inaequalifolia.  The  margin  of  the  ventral 
leaf  is  sclerotic  but  not  spiny.  Stomata  occur  on  the  aligular 
face  only. 

Dorsal  leaf.  Stomata  distributed  chiefly  over  the  lamina  on  the 
aligular  face — absent  from  the  ligular  epidermis. 

Section,     As  in  S.  Wildenami. 

30.  8.  graoillB,  Moore. 

Ventral  leaf  Bluntly  pointed,  ovate  or  hastate  with  the  bases 
produced,  that  on  the  side  next  the  stem  uncinate.  A  few  stomata 
occur  on  the  ligular  face  near  the  margins.  The  edges  are  smooth 
and  sclerotic. 

Dorsal  leaf  Similar  in  shape,  cuspidate.  Stomata  occur  on  the 
aligular  surface  only. 

Section.     As  in  ^.  Wildenowii. 

31.  8.  viridangtila,  Spr. 

The  leaves  of  this  species  are  oblong  oblique,  the  dorsal  leaf 
cuspidate.  The  dorsal  leaf  has  stomata  on  both  ligular  and  aligular 
surfaces,  but  the  ventral  leaf\iz&  stomata  on  the  aligular  surface  only. 

Section.    As  in  S.  Wildenawu. 

32.  8.  chilensiB,  Spr. 

Both  ventral  and  dorsal  leaves  are  lanceolate,  almost  equal-sided 
and  with  produced  bases.  Both  have  marginal  sclerotic  cells,  but  the 
margins  are  only  very  faintly  spiny.  A  few  stomata  occur  on  the 
ligular  face  of  the  ventral  leaf  near  the  margin,  but  none  occur  on 
the  same  face  of  the  dorsal  leaf.  In  section  both  leaves  conform 
to  the  type  described  for  S.  Wildenowii, 

33.  8.  Victoriae,  Moore. 

Ventral  and  dorsal  leaves  are  both  oblique  sickle-shaped,  with  blunt 
apices,  sclerotic  margins,  and  without  marginal  spines  or  hairs. 
The  stomata,  which  occur  only  on  the  aligular  face  of  the  ventral 
leaf,  are  frequently  clustered.  Stomata  occur  on  both  sides  of  the 
dorsal  leaf. 

Section.  The  ligular  epidermal  cells  are  long,  narrow,  and  closely 
packed,  and  merge  into  the  reticulate  mesophyll  through  an  inter- 
mediate semi-palisade-layer. 
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The  three  following  species  have  delicate  leaves,  and  whilst 
retaining  the  characters  of  the  species  already  described  in  so 
fiu*  as  the  epidermis  is  concerned,  yet  differ  in  having  little 
or  no  mesophyU  save  in  the  immediate  vicinity  of  the  vascular 
bundle.  Hence  the  ligular  peg-like  cells  come  to  rest  directly 
oa  the  elongated  epidermal  oeUs  of  the  aligular  surface.  In 
this  respect  a  section  of  the  leaf  resembles  that  of  5.  camUkn- 
tata  (Fig.  20),  a  species  which  might  be  considered  as  forming 
a  transition  to  this  section. 

84.  g.  molUosps,  Spr. 

Vmiral  Uaf.  Ovoid  but  uncqaal-sided,  delicate,  with  long  warty 
sclerotic  nuuginsl  cells,  and  tpines  which  are  espedaDy  long  on  the 
outer  nurgin.  Stomata  occur  over  the  midrib  and  along  the  margin, 
but  are  absent  from  the  ligular  face. 

D^rtel  leaf.  Ovoid,  but  not  so  unequal-sided,  and  cuspidate,  with 
spiny  iclerotic  margin.  Stomata  occtv  aU  round  the  margin  and  on 
the  aly'tar  Gice. 

Stttiem.  The  obconJcal  ligular  celb  rest  directly  on  the  aligular 
CMuemus. 

86.  S.  ayua,  Spr. 

Vimhrol  Uaf.  Oblique,  unequal -sided,  sonninate,  with  a  faintly 
spiny  margin.  Scomau  occur  on  the  aligular  surface  as  well  as 
near  the  margin. 

Dorsal  leaf,  ()l»li()uc,  U|iering.  slightly  kpiny.  Stomata  occur  on 
tlie  bguUr  nuifacc  near  the  margin,  and  ocouionally  actually  011  it. 
Tbr  aligular  r|iidcmial  cells  are  i^arty,  and  stomata  occur  all  over  the 
surfjcr. 

Sefhim,     As  in  .S*.  moJ/icfps. 

96.  B.  altioiUlans.  Spr. 

I'mtrai  Uaf.  I^ameolatr,  acuminate,  unequal-uded,  faintly  spiny 
akmg  (lie  margin.  I'lie  |iolygonal  cells  of  the  ligular  face  have  inter- 
sprncd  long  Klerotit  crlls  with  stomata  aknig  the  margin.  Similar 
sclerotic  cclU  ociur  armmg  the  rkmgated  celb  uf  the  aligular  fate. 
Stunuta  arc  dt»tril>uted  u%-er  tlie  entire  lurface,  and  a  few  occur  ua 
the  margin  itself. 

D^tai  Ua/.  Chite,  with  long  |K»inted  apex.  I'lie  margin  it  ftpiny 
and  «any.     Tlir  ligular  fate  is  composed  of  elongated  warty  cells, 
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some  of  them  sclerotic,  but  bears  no  stomata.    The  aligular  surface  is 
composed  of  elongated  wavy  cells  with  interspersed  sclerotic  fibres 
and  stomata  over  the  entire  surface,  but  not  actually  on  the  margins. 
Secttan.     As  in  .S.  molliceps. 

I  have  already  drawn  attention  to  the  variation  in  length 
and  form  of  the  epidermal  cells  in  species  with  leaves  of  the 
Marfensii'type,  but  one  may  say  in  general  terms  that  the 
preceding  thirty-five  species  have  the  ligular  surface  of 
the  ventral  leaf  and  the  aligular  of  the  dorsal  leaf  composed 
of  polygonal  cells,  whilst  the  aligular  surface  of  the  ventral 
and  ligular  of  the  dorsal  leaf  are  formed  of  cells  obconic  in 
section  and  with  polygonal  bases.  In  the  succeeding  species 
the  epidermal  layers  on  the  ligular  and  aligular  faces  are 
approximately  similar,  and  the  cells  are  all  elongated. 

B.  Braunii-type. 

Three  species  come  under  this  heading,  viz.  5.  Braunii^ 
S,  concinna^  and  5.  Bakeriana,  All  agree  in  that  the  epidermis 
of  both  the  ligular  and  aligular  surfaces  consists  of  elongated 
sinuous  cells,  and  in  having  a  distinct  palisade-layer  as  well 
as  reticulate  mesophyll.  Indications  of  a  palisade-layer  in 
species  of  the  Martensti-type  have  already  been  noted. 

37.  8.  Braunii,  Bak. 

Ventral  leaf.  Ovoid  with  crenate  or  faintly  spiny  margins.  The 
cells  of  the  ligular  face  are  elongated,  verging  to  polygonal,  whilst 
those  of  the  aligular  face  are  short  with  wavy  margins.  Numerous 
stomata  occur  on  the  aligular  surface. 

Dorsal  leaf.  Lancet-shaped,  pointed,  but  without  spines  on  the 
margin.  The  ligular  epidermis,  which  bears  stomata,  is  composed 
of  short  wavy  margined  cells,  whilst  the  aligular  surface  is  covered 
by  polygonal  or  slightly  elongated  cells,  with  numerous  stomata  over 
the  midrib. 

Section,     As  in  S,  concinna, 

38.  8.  oonolnna,  Spr.     (Figs.  7,  24,  25.) 

The  leaves  are  somewhat  peculiar  in  shape.  The  ventral  leaf  is 
ovate  but  very  unequal-sided,  and  has  two  long  spiny  backwardly 
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directed  lobes,  one  or  IkhH  of  which  is  frequently  furcate.  The 
liguUr  face  consists  of  wavy  l)ordcred  cells  more  elongated  than  in 
S.  Braunti,  iKnihout  stomata.  whilst  the  aligular  face,  composed  of 
similar  cells,  bears  stomata  over  the  midrib,  often  sclerotic  (Fig.  7). 
The  dorsal  leaf  is  ovate,  and  has  a  strongly  sclerotic  margin  with 
elongated  spiny  apex.  On  the  inner  side  there  is  a  narrow  basal  lobe 
projecting  backwards  along  the  stem,  on  the  outside  the  lobe  is  three 
or  four  times  as  broad.  All  the  cells  are  warty  (as  are  those  of  the 
ventral  leaf  also).     Stomata  occur  on  both  faces. 

Sectiom,  In  section  the  ligular  and  aligular  epidermal  cells  are  seen 
to  be  strongly  cuticularixed  and  warty  (Fig.  35).  Beneath  the  ligular 
epidermis  (of  tl»e  ventral  leaO  there  occurs  a  well-marked  palisade- 
layer  of  narrow  deep  crlls.  followed  by  a  reticulate  mesophyll  resting 
on  tlic  aligular  epidermis.  At  the  margins  the  cells  (Fig.  24)  are  seen 
to  be  entirely  sclerotic,  without  intercellular  s|)aces. 

39.  8.  Bak^iiana,  Hail. 

The  Ttniral  leans  are  cordate,  bluntly  pointed  and  oblong.  A  few 
stomata  occur  on  the  margins  but  none  on  the  ligular  face.  Four 
10  five  rows  of  Momata  occur  on  the  aligular  face.  The  margin  is 
not  sclerotic  and  very  f.iintly  spiny,  or  quite  smooth. 

IX^rsal  Uaf.  C>vatr,  |M)inied.  with  a  faintly  spiny  margin.  Stomata 
occur  on  the  aligular  face  onl>. 

St€hon,  Like  that  ol  S.  iomtnna,  but  tlie  mesophyll  is  smaller  in 
amount.     A  loose  r«*tu  ulum  surrounds  the  bundle. 

h\  the  remaining  sj)ccics  the  epidermis  of  lx>th  the  li^^ular 
and  the  ali^^ular  surfaces.  c(>m|M)scd  of  (juitc  or  nearly  sinular 
wavy-inarj;incd  cells,  is  much  clon(;atcil  in  the  long  a-\is  of  the 
leaf  In  oiu*  only,  A.  I.yallii,  there  is  a  uc-ll-marked  |>ali.s;idc- 
layer,  usually  double,  a.s  well  as  .1  reticulate  mcM>phyll,  which 
latter  is  al»ne.  as  a  rule,  present  in  the  leaves  of  the  rc- 
m.i:nin^  s|>ecies.  In  a  few,  a  [)seud(V  palisade -layer  sujjgests 
a  transitiitn  l)etwrcn  the  majority  and  the  ty|)e  just  discussed. 

C.  Oftleottii-tjrpe. 

4"    8   Oal«ottll.  Spr.     i  Ki^*    S.) 

Vtnttai  ifjf  \\u*JL^,  o>a:r.  uMique,  bluntly  (ointed,  w.th  a  faintly 
%p:ny  rti.ir/;ii  4t  «1  a  f«  «  lonir  niulturllular  S(<inrs  on  the  rtlge  uf  tlic 
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basal  lobes.  Stomata  occur  on  the  aligular  face  only,  the  guard-cells 
of  which  are  very  frequently  folded  outwards  into  the  adjacent 
epidermal  cells  (Fig.  8). 

Dorsal  leaf.  Oblique  hastate,  with  backwardly  directed  basal  lobes 
and  numerous  multicellular  hairs.  Stomala  occur  on  the  aligular 
face  only. 

Section,     As  in  &  deltcah'sstma, 

41.  8.  delioatisaima,  A.  Br.     (Fig.  i8.) 

Ventral  leaf.  Ovate  oblique,  with  warty  and  spiny  marginal  cells 
not  sclerotic.  Stomata  occur  between  the  spines  along  the  margin 
and  on  the  aligular  face,  but  not  on  the  ligular  side. 

The  dorsal  leaf  is  similar  in  shape,  and  stomata  occur  over  the 
midrib  and  outside  edge. 

Section,  The  ligular  surface  (of  the  ventral  leaf)  consists  of  large 
cells,  tabular  in  section,  followed  by  an  ill-defined  layer  of  peg-shaped 
cells  with  one  to  three  chloroplastids  in  each,  with  their  truncated 
ends  continuous  with  long  branched  and  reticulate  mesophyll-cells, 
each  with  many  small  chloroplastids.  The  cuticle  on  both  surfaces 
is  very  delicate  (Fig.  i8). 

42.  8.  sulcata,  Spr. 

Ventral  and  dorscU  leaves  of  this  species  are  hastate,  and  bear  well- 
marked  basal  lobes  with  a  fringe  of  multicellular  hairs.  The  margins 
of  both  leaves  are  smooth,  or  only  faintly  spiny.  Stomata  occur  only 
on  the  aligular  faces  of  the  dorsal  and  ventral  leaf. 

In  section  the  pseudo-palisade-layer  is  absent,  but  the  ligular 
epidermis  is  composed  of  cells  resembling  in  section  the  peg-shaped 
polygonal  based  cells  of  the  ligular  epidermis  in  the  leaves  of  the 
Martensii-iy^t, 

43.  8.  KrauBsiana,  A.  Br. 

Ventral  leaf.  Oblique,  pointed,  unequal-sided,  with  spiny  margins 
and  warty  marginal  cells.  Numerous  stomata  occur  on  the  margin 
and  on  the  ligular  surface  near  it,  as  well  as  over  the  midrib  on  the 
aligular  face. 

Dorsal  leaf.  Oblique,  pointed,  and  unequal  sided,  in  oudine  like  that 
of  a  Begonia  leaf.  The  margin  has  short  spines.  Marginal  stomata 
occur  on  the  ligular  face,  and  also  over  the  midrib  on  the  aligular  face. 

Section,     As  in  .9.  deUcatissima, 
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44.  8.  Poulteri.  Hon. 

Vatiral  haf.  Xearlv  drcular  or  slight] v  oblique,  slightly  pointed^ 
with  a  fainilT  spoDv  margin.  Stomata  occur  along  the  margin  and 
near  it,  also  on  the  ligular  sunace.  The  angular  epidermis  consists  of 
elongated  celk  ^  i'Ji  exceedm*rlv  wavv  marcins  and  with  a  few  sclerotic 
fibres  interspersed. 

Dorsal  Uaf.  Oblong  oblique  with  backwardly  directed  basal  lobe 
and  spiny  margins.  Stomata  occur  here  also  on  the  ligular  face  near 
the  margin. 

Stction.     As  in  5".  diUcatissima. 

45.  8.  rubella,  Moore. 

The  veniral  and  dorsal  leaves  are  somewhat  like  those  of  5.  Poyllen 
in  form.  The  margins  are  faintly  spiny.  Stomata  occur  on  the 
margin,  and  along  the  edge  of  the  ligular  face.  Warty  sclerotic 
cells  and  stomata  are  frequent  on  the  aligular  surface. 

The  dorsal  Uaf  is  peltate,  the  basal  lobes  joining  behind  the  point 
of  insertion  of  the  leaf.  There  are  no  stomata  on  the  ligular  face,  but 
they  occur  plentifully  on  the  aligular  surface.  All  the  cells  of  the  latter 
face  are  warty. 

Stction.     As  in  ^.  dtlicah'ssima. 

46.  B.  lepidophyUa,  Spr. 

The  rattral  and  dorsal  leaves  are  both  elongated  ovate  with 
delicate  tapering  apices  and  of  nearly  the  same  size.  The  cordate 
bases  are  fringed  with  hairs,  and  the  margins  are  warty  and  spiny. 
The  cells  of  both  ligular  and  aligular  faces  of  both  leaves  are  strongly 
sclerotic.  Siomata  occur  on  both  ligular  and  aligular  faces  of  both 
ventral  and  dorsal  leaves.  As  already  slated  (p.  127),  Wojinowic  and 
Erikson  state  that  ahhough  stomata  occur  on  both  sides  of  the  ventral 
leaf,  ihey  are  absent  from  the  aligular  face  of  the  dorsal  leaf  1  have 
examined  a  large  number  of  dorsal  leaves  from  several  plants, 
and  never  failed  to  find  stomata  both  on  the  ligular  and  aligular 
epidermis. 

Section,     The  mesophyll  consists  of  reticulate  parenchyma  only. 

47.  B.  involvens,  Spr. 

The  leaves  are  rhomboid  and  fringed  with  spiny  processes.  The 
apices  are  long  and  tapering,  like  those  of  S,  lepidophyUa.  The 
epidermis  of  both  sides  is  like  that  of  the  preceding  species,  and 
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stomata  occur  on  both  ligular  and  aligular  faces  of  both  dorsal  and 
ventral  leaves. 

In  section  the  leaf  resembles  5.  helvetica  (Fig.  23),  but  the  cells  of 
the  reticulate  mesophyll  next  the  ligular  face  are  more  closely  packed, 
forming  a  pseudo-palisade-layer.  Distinct  emergences  occur  on  the 
basal  lobes,  consisting  of  three,  four,  or  more  thick-walled  spines,  fused 
together. 

48.  8.  pilifera,  A.  Br. 

The  leaves  of  this  species  are  very  similar  to  those  of  5".  invohens. 
The  apices  are  long,  and  the  margins  are  sclerotic  and  very  spiny. 
Stomata  occur  on  both  ligular  and  aligular  faces  of  both  ventral  and 
dorsal  leaves. 

The  leaf  in  section  shows  the  same  characters  as  that  of  the 
preceding  species. 

The  remaining  three  species  belonging  to  this  series  differ 
from  those  already  described  in  having  spirally  arranged 
similar  leaves.  In  structure,  however,  they  closely  resemble 
those  of  the  Galeottii-iy^^.  All  three  have  strongly  sclerotic 
leaf-cells  of  dense  and  firm  texture.  The  leaves  are  further 
equal-sided  and  fringed  with  well-marked  spines  or  emer- 
gences. The  reticulate  mesophyll  is  large  in  amount,  and 
there  is  no  palisade-layer. 

D.  Spinosa-tyx>e. 

49.  S.  spinosa,  A.  B.     (Fig.  26.) 

The  leaves  of  the  erect  vegetative  axis  are  approximately  similar. 
The  first  leaves  on  the  creeping  portion  of  the  stem,  which  are  often 
opposite  or  nearly  so,  are  ovate  acuminate  and  placed  far  apart. 
Their  margins  are  entire,  or  have  one  or  two  multicellular  spines. 
On  the  erect  axis  the  leaves  become  more  lanceolate  and  pointed,  and 
have  two  to  four  prominent  recurved  spines  on  either  side.  The 
margins  of  all  the  leaves  are  strongly  cuticularized. 

The  ligular  epidermis  of  the  leaf  of  the  prostrate  axis  is  composed 
of  oblong  cells  with  wavy  margins.  The  aligular  epidermis  is  similar 
in  character.  Siomata  occur  on  the  aligular  face  only.  A  few  stomata 
occur  along  the  margin  where  the  cuticularized  thick-walled  cells  are 
absent. 
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The  epidermal  characters  of  the  leaves  of  the  erect  stem  are  similar 
to  those  of  the  leaves  of  the  creeping  axis.  Stomata  occur  on  the 
aligular  face,  rarely  along  the  margins. 

In  section  the  mesophyll-cells  are  found  to  be  homogeneous  in 
character,  and  all  are  more  or  less  elongated  in  the  long  axis  of  the 
leaf,  forming  a  loose  reticulum.  In  older  leaves  the  aligular  epidermis 
shows  a  tendency  to  separate  from  the  mesophyll  (Fig,  26). 

50.  S.  rupestris,  Spr.     (Figs.  27,  28.) 

As  in  the  preceding  species,  the  leaves  are  homophyllous,  elongate 
lanceolate,  with  long  spiny  cusps,  and  margins  fringed  with  unicellular 
spines.  The  ligular  epidermis  consists  of  elongated  wavy  cells  with 
warty  cuticle.  No  stomata  occur  on  this  face.  The  stomata  on  the 
aligular  surface  are  confined  to  a  groove  situated  above  the  midrib. 

In  section  the  leaf  is  boat-shaped.  A  sclerotic  hypoderma,  one  or 
two  cells  deep,  occurs  on  the  lateral  wings  beneath  the  epidermis. 
The  mesophyll  towards  the  aligular  surface  consists  of  much  elongated 
branched  and  anastomosing  cells ;  towards  the  aligular  face  the  cells 
are  much  shorter  (Figs.  27,  28). 

51.  8.  oregana,  Eat. 

The  leaves  in  form  and  histological  structure  are  almost  precisely 
similar  to  those  of  S.  rupestris, 

E.  Lyallii-type. 

52.  8.  laevigata,  Bak.,  var.  Lyallii,  Spr.    (Fig.  17.) 

As  in  the  case  of  the  stem,  this  species  differs  somewhat  in  its  leaf- 
structure  from  those  already  described. 

The  ventral  leaf  is  ovoid,  equal-sided,  and  bluntly  pointed  with 
a  smooth  margin.  The  dorsal  leaf  is  more  elongated  and  lanceolate, 
without  marginal  spines.  Both  have  descending  wings  adnate  to  the 
stem. 

The  ventral  leaf.  The  edge  is  composed  of  elongated  thick- walled 
cells  with  little  chlorophyll.  The  epidermis  of  both  surfaces  consists 
of  elongated  rhombic  plates  with  wavy  outlines.  Several  rows  of 
stomata  occur  on  the  aligular  face,  close  to  and  over  the  midrib,  where 
the  epidermal  cells  are  much  shorter.  There  are  no  stomata  on  the 
ligular  face.     The  dorsal  leaf\a&  quite  similar  characters. 

L  2 
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In  section  (Fig.  17)  the  ligular  epidermis  is  followed  by  a  very  distinct 
palisade-layer,  one  or,  in  many  places,  two  cells  deep.  The  main  mass 
of  the  leaf  is  occupied  by  reticulate  mesophyll,  absent  however  at  the 
margins  and  apex.  The  vascular  bundle  consists,  in  section,  of  three 
strands  of  spiral  tracheides,  the  central  strand  being  surrounded  by 
phloem,  and  all  three  imbedded  in  small-celled  parenchyma  without 
intercellular  spaces. 

Section  II.    Comparative  Anatomy. 

1.  The  distribution  of  the  Stomata, 

In  comparing  the  different  species,  one  is  struck  by  the 
great  variation  in  the  distribution  of  the  stomata  on  the  leaf. 
As  has  been  pointed  out  in  the  discussion  of  the  individual 
species,  stomata  may  occur  on  the  ligular  or  aligular  surfaces, 
or  on  both ;  generally  over  the  midrib,  but  frequently  on  the 
marginal  lamellae  or  even  on  the  margin  itself.  A  glance  at 
the  following  tabular  statement  shows  that  out  of  fifty-two 
species  examined,  fourteen  species  and  one  variety  have  stomata 
on  the  aligular  face  only  of  both  dorsal  and  ventral  leaves ; 
ten  species  and  two  varieties  have  stomata  also  on  the  ligular 
face  of  the  ventral  leaves ;  eight  have  stomata  on  the  ligular 
face  of  the  dorsal  but  not  on  the  corresponding  face  of  the 
ventral  leaf;  ten  species  have  stomata  on  both  ligular  and 
aligular  faces  of  both  types  of  leaf;  whilst  twelve  species  have 
stomata  actually  on  the  margin  either  of  the  dorsal  or  ventral 
leaf,  or  not  removed  more  than  one  cell  from  it.  One  can  say 
therefore,  though  only  in  very  general  terms,  that  the 
stomata  in  the  genus  are  distributed  as  a  rule  on  the  aligular 
epidermis. 

2.  Structure  and  development  of  the  Stomata  {Figs,  12, 13). 

I  have  followed  out  the  stages  in  the  development  of  the 
stomata  in  several  species — e.g.  S.  uncinata  (Figs.  12,  13), 
5.  Kraussiana,  &c. — and  find  no  essential  differences  between 
them.  The  stomata  appear  to  be  quite  of  the  normal  phane- 
rogamic type,  with  two  guard-cells,  each  provided  with 
a  nucleus  and  a  variable  number  of  chloroplastids,  not  infre- 
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STOMATA  OCCUR  ON  THE 


VENTRAL  LEAF. 


Ligularface. 


S.  grandis 
S.  Vogelii 

S.  erythropus 
S.  caolesccns 
,,  var.  japonica 
„  var.  minor 

S.  Griffithii 


S.  owptdata 
S.  patnla 


S.  inaequalifolia 
S.  WalUchii 

S.  canaliculau 
S.  Mettenii 

S.  gracilis 

S.  chilensis 

S.  plumosa 
S.  Doughuii 


S.  albonitens 


S.  Kranisiana 
S.  Pooheri 
S.  rubella 
S.  leptdophylla 
S.  involvens 
S.  pilifera 


A  lignlar/act. 


S.  Martensii 
S.  Krandis 
S.  Vogelii 
S.  haematodes 
S.  erythropus 
S.  caulescens^ 
„  var.  japonica 
„  var.  minor 
M  var.  argentea 
S.  Griffithii 
S.  Karsteniana 
S.  suberoKa 
S.  stenophylla 
S.  viticulosa 
S.  serpens 
S.  cuspidata 
S.  helvetica 
S.  denticulata 
S.  patula 
S.  convoluta 
S.  flabellata 
S.  producta 
S.  oisulcata 
S.  uncinata 
S.  inaequalifolia 
S.  WalUchii 
S.  Wildenowii 
S.  canaliculata 
S.  Mettenii 
S.  Lobbii 
S.  gracilis 
S.  viridangula 
S.  chilensis 
S.  Victoriae 
S.  plumosa 
S.  Douglasii 
S.  moUiceps 
S.  apus 
S.  albonitens 
^.  Bakeriana 
S.  Rraunii 
S.  concinna 
S.  Galeottii 
S.  delicatissima 
S.  sulcata 
S.  Kraussiana 
S.  Poulteri 
S.  rubella 
S.  lepidophylla 
S.  involvens 
S.  pilifera 
S.spinosa 
S.  rupe^tris 
S.  oregana 
S.  Lyallii 


Margin. 


S.  suberosa 
S.  stenophylla 


S.  bisulcata 


DORSAL  LEAF. 


S.  molliccps 
S  apus 
S.  albonitens 
S.  Bakeriana 


S.  delicatissima 

S.  Kraussiana 
S.  Poulteri 
S.  rubella 


LigMiar/ace. 


S.  erythropus 


S.  Karsteniana 


S.  serpens 
S.  cuspidata 
S.  helvetica 
S.  denticulata 
S.  patula 
S.  convoluta 


S.  Wallichu 


Aliguiar/act, 


Margin. 


S.  viridangula 
S.  Victoriae 
S.  Douglasii 
S.  apus 


S.  Braunii 
S.  concinna 


S.  Kraussiana 
S.  Poulteri 

S.  lepidophylla 
S.  involvens 
S,  pilifera 


S.  Martensii 
S.  erandis 
S.  Vogelii 
S.  haematodes 
S.  erythropus 
S.  caulescens 
„  var.  japonica 
„  var.  mmor 
„   var.  argentea 
S.  Griffithii 
S.  Karsteniana 
S.  suberosa 
S.  stenophylla 
S.  viticuiosa 
S.  serpens 
S.  cuspidata 
S.  helvetica 

i  S.  denticulata 

I  S.  patula 
S.  convoluta 
S.  flabellata 
S.  producta 
S.  oisulcata 
S.  uncinata 
S.  inaequalifolia 
S.  \V.tlHchii 
S.  Wildenowii 
S.  canaliculata 
S.  Mettenii 
S.  Lobbii 
S.  gracilis 
S.  viridangula 
S.  chilensis 
S.  Victoriae 
S.  plumosa 
S.  Douglasii 
S.  molliceps 
S.  apus 
S.  albonitens 
S.  Bakeriana 
S.  Braunii 
S.  concinna 
S.  Galeottii 
S.  delicatissima 
S.  sulcata 
S.  Kraussiana 
S.  Poulteri 
S.  rubella 
S.  lepidophylla 
S.  involvens 
S.  pilifera 
S. spinosa 
S.  rupestris 
S.  oregana 
S.  Lyallii 


S.  Karsteniana 
S.  suberosa 
S.  stenophylla 


S.  molliceps 
S.  apus 


S.  Kraussiana 
S.  Poulteri 
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quently  two  only.  In  some  species,  e.g.  5.  viticidosa,  stomata 
with  three  or  even  four  guard-cells  may  be  found,  similar  to 
those  described  and  figured  by  Haberlandt  ^  as  occurring  in 
the  sporogonium  of  Mosses,  and  by  Farmer^  in  Iris,  The 
dermatogenic  layer  immediately  over  the  midrib  undergoes 
division  so  as  to  form  a  band  of  variable  breadth  of  almost 
square  cells,  at  first  (i.e.  near  the  base  of  the  young  leaf)  quite 
indistinguishable  from  each  other.  Presently  some  of  these 
cells,  after  division  has  ceased,  become  rounded  and  contain 
denser  protoplasm  ;  these  are  the  mother-cells  of  the  stomata. 
The  dermatogenic  cell  therefore  becomes  the  mother-cell  of 
the  stoma  directly,  and  undergoes  division  by  formation  of  a 
vertical  wall  in  the  long  axis  of  the  leaf  In  some  cases  this 
wall  is  oblique.  The  median  wall  splits,  and  a  central  ellip- 
tical pore  is  formed,  as  in  the  normal  mode  of  formation  of 
stomata.  In  the  older  leaves  of  many  species  the  walls  both 
of  the  guard-cells  and  of  the  surrounding  epidermal  cells 
become  greatly  thickened,  as,  for  example,  in  5.  Martensii^ 
S.producta,  S.  cancinna,  S,  vitkulosa,  &c.  The  stomata,  which 
are  in  some  species  formed  directly  on  the  margin,  do  not  appear 
to  differ  in  any  respect  from  those  of  other  parts  of  the  leaf. 

3.   The  Epidermal  Cells  (Figs.  6,  11,  12,  i'^^^  16,  &c.). 

Reference  has  already  been  made  under  the  individual 
species  to  the  great  variety  in  length  and  general  form  of  the 
epidermal  cells.  Generally  speaking,  one  may  distinguish 
three  types  of  cell  in  the  superficial  layer  of  the  leaf:  (ij 
conical  cells,  having  their  somewhat  square  or  more  commonly 
polygonal  bases  turned  outwards,  and  their  truncated  ends  in 
continuity  with  the  mesophyll  (Fig.  22) ;  (2)  elongated,  square- 
ended,  or  tapering  plates,  with  more  or  less  sinuous  lateral 
walls  (Figs.  6,  11);  (3)  sclerotic,  warty,  and  elongated  fibres, 
which  occur  along  the  margin  in  many  species  (Fig.  4),  or 
scattered  irregularly  amongst  the  epidermal  cells  of  either 
of  the  two  preceding  types  (Figs.  11,  16,  19).     Even  on  the 

*  Beitrftge  zur  Analomie   und   Physiologie  der  I^abmoose.     Pringsh.  Jahrb. 
XVII.  3.  1886. 

'  Ann.  Bot.,  No.  xiii,  p.  174. 
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same  leaf-surface  one  finds  ]X)ly^onal  cells  near  the  stomata 
over  the  midrib,  whilst  on  the  margins  and  base  the  cells  arc 
of  the  elongated  t}pe. 

4.    The  MesophylL 

The  mcsopliyll  varies  alsi)  vcrj'  greatly  in  amount,  and  also 
in  the  form  of  its  comp  >ncnt  elements.  In  general  the  main 
mass  <»f  the  leaf  ct»n*iists  of  a  reticulum  of  longer  or  shorter 
cells  (Compare  I'igs.  iK  and  29)  with  comparatively  large 
intercellular  spaces.  In  certain  s|>ecies  a  pseudo-palisade- layer 
is  formed,  either  of  the  terminal  superficial  cells  of  the  reticu- 
lum ^  Fig.  i.5»,or  of  special  smaller  cells  connected  with  the 
reticulum  1  Fig.  ^1).  In  other  cises,  again,  a  (]uite  definite 
|>alis;ide-layer  \^  ft»rmed,  as  in  .V.  toHiinna  (Fig.  -,'»)  and 
.S.  I.ydlii  I  I'ig.  17).  Tovvanls  the  edges  of  nu»st  leaves,  and 
in  some  c.ises  ^eg.  .S.  mcllia'ps,  ^:c.)  throughout  the  entire 
leaf  i.«ia\e  immediatclv  round  the  vascular  bundle^  the 
mcsoph)  11  is  entirely  w.inting.  and  the  two  epidermal  layers 
are  in  C"nt.ict.  In  such  ca.se>  the  guard-cells  (»f  the  >tomata 
are  \try  .sh.dli>\\,  anil  since  the  aligular  epiileimal  cells  are 
deep,  a  well-maikLiI  rispiratory  and  tr.inspiratory  cavity  is 
le:t.  i\eii  in  a  K.it'  cnlv  twi>  lelU  thi(.k 

I  lie  \.i  vui.ir  liu;)'i!i-  !>•  «i!iii<ist  iiiv.iriably  oiniple.  aiiil 
I  xN  i-.ti^  ■  ::  .in  .iv«  i.i.;!-  slut^wj)  liv  e-*.i\t  lis  «»t  ilie  Ien.;lh  i»l  the 
!«  .d.  In  s":i:r  it^i^  it  lea.  lies  \^^  the  liaM*  dt  the  iii^p.  but 
lit.  ei  \  .  !.ii  .ih  I  li.ive  St  c"H  «uiirs  It.  Ill  o:u*  or  twn  ca-^is. 
I-  .:  S  p.  .V;-r^^..  I  li.iM  t"Uii«l  a  l»:tMu  .ite  ni:ilii!»,  l»  ;t  thi-^  so 
r.irrU'  that   I  .iiii  :<Mk(il  ti>  lielii  ve  th  it  the  liituic.ite  ii>nilil:>'n 

# 

Irs     ttiii!  II   !h«    )  :.!i.I!«    i--  \\\\  Nitui'It  .      In  >.  A /.i//t»M#/.i, 

f'li  111*-!..:.   •  li-.t    \\!'  rii  i-!  the  iii  k\\\\\  w  .k\   the  !».tse  .mii  .is  l.u 
.i''    the    :i..i;  l.e    •■!    \\\\      !i  at    «u:isshIn    <  •!    Imii     In    fj\e    «!e.:vale 

tr.i.  hi  .   .•     .  I     .■.  h:    !l   .IS   .1    I  lie   M]!e    1^  aillli.l.il.   tlie    n  '  t    s|iiial. 

tli*       ;ii.i!  *••  .:•.       lh«     :.!st    t'l   .r.»j»r.ii        In    ll'.e    uj»j»er    thud 

i>!    tl.r    i>  i!  t'l'     ;<:<!'\;.  h  !ii  ell  Hi*  fits    tMvttr.e    .li  l'<  inipanK  d 

|i\-      -e.cra'  sh    :t      :t  li<  .:].ite      ti.iiheuie>     which      tlank     tllC 
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spiral  tracheides,  and  in  section  (e.g.  of  5.  Braunii)  may 
enclose  the  spiral  elements  completely.  In  all  cases  which 
I  have  examined  the  vein  is  much  more  delicate  nearer 
the  base  of  the  leaf,  and  expands  at  its  apex.  In  the  very 
young  leaf  of  5.  Kraussiana  the  reticulate  elements  at  the  apex 
may  be  fully  developed  before  the  differentiation  of  the 
characteristic  markings  on  the  spiral  and  annular  tracheides. 
The  xylem  is  partly  surrounded  by  a  few  long  and  narrow 
parenchyma-cells,  and  one  or  two  sieve-tubes  with  charac- 
teristic plates  are  present  if  the  bundle  be  at  all  massive. 
In  many  cases  I  was  quite  unable  to  convince  myself  that 
genuine  sieve-tubes  were  present.  All  the  tubes  investing  the 
xylem  are  elongated,  thin-walled,  and  contain  nuclei  and 
protoplasm.  These  again  are  surrounded  by  a  layer  of  larger 
cells  without  intercellular  spaces,  usually  containing  a  small 
amount  of  chlorophyll,  which  may  be  considered  as  a 
peridesm.  I  find  no  evidence  of  the  existence  of  a  genuine 
endodermis,  save  just  at  the  base  of  the  leaf,  where  cells 
comparable  to  and  in  direct  continuity  with  the  endodermal 
cells  of  the  stele  occur.  The  midrib  of  5.  Lyallii  is  somewhat 
irregular  in  character.  The  xylem-elements  are  arranged  in 
three  patches ;  the  central  strand  alone  has  genuine  sieve-tubes 
on  its  aligular  face,  but  each  of  the  three  strands  is  surrounded 
by  parenchyma,  and  all  three  are  enclosed  in  a  definite  layer 
(probably  peridesm),  abutting  on  reticulate  mesophyll  below 
and  palisade-ccUs  above  (Fig.  1 7). 

In  a  previous  paper ^  I  called  attention  to  certain  types  of 
stem-structure  in  the  genus  Selaginella^  and  made  a  comparison 
between  the  grouping  of  species  based  on  such  anatomical 
characters  and  that  usually  accepted  by  systcmatists.  Con- 
sidering the  anatomy  of  the  stem  only,  the  majority  of  species 
examined  may  be  grouped  round  5.  Martensii,  all  charac- 
terized by  the  presence  of  a  single  stele  and  by  dorsiventrality 
both  of  external  morphological  features  and  internal  anatomy. 
6".  uncinata  formed  a  transition-type  to  that  of  5.  inacquali- 

*  On  the  diagnostic  characters  of  the  subgenera  and   species   of  Selaginella: 
Trans.  Biol.  Soc.     Liverpool,  1895. 
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Jvlia :  the  former  >lu)\vs  a  distinct  tendency  to  that  splittinj; 
of  the  single  stele  into  dorsal,  median,  and  ventral  steles,  which 
is  carried  to  its  extreme  in  the  latter  type.  All  the  sj>ccies 
which  have  the  Martt'Pisii'iy\>c  of  leaf  belong  to  the  mono- 
stelic  and  tristclic  series  as  defined  in  that  pajxrr.  A  few 
s|K'cies.  also  nionostelic  so  far  as  their  sti-m-structure  i'i 
concerno<i.  vary  somewhat  from  the  normal  type  of  leaf- 
structure.  A.  tHoliictf^s^  S.  apus.  and  A",  albonitcus  present  no 
ditTiculty.  seeinj^  that  their  leaves  differ  from  the  Martensii' 
tyjx?  i>nly  in  havin}^  the  leticulate  mesf>phyll  reduced  to 
a  minimum.  S.  lujkn  iana,  S.  V^rauHti,  and  .V.  coucinfui ^  on 
the  other  hand,  differ  frinn  the  Marteusii'\y\tc  in  two  resjxxts  : 
viz.  in  having  a  more  or  less  distinct  p.iliside-layer.  and  in 
that  the  ei>i»iiriniN  of  the  li^ular  and  ali^ular  surfaces  is  more 
or  less  similar.  As  I  have.  h'>weviT,  tried  to  point  out  above, 
the  lenj^th  of  the  (Epidermal  cells  is  by  no  means  constant 
even  in  thr  .s.ime  species  ;  an<l  several  sjH*cies  belonj^injj  to 
the  J/<///f//.\/V-typ<\  e.^.  .V.  fulwtua  and  .V.  plutnosa,  form 
pHeudo-palis.ide-l.iyers,  so  that  these  three  specie^  are  perhaps 
n«'l  M»  al>errant  as  they  at  first  si^ht  appear.  In  the  series 
with  (juite  M]ui\alent  epiilermis  on  the  li^ular  and  ali^tilar 
faces,  we  find  all  the  sp<  i  ies  with  two  laterally  pl.iced  stelen, 
e.  ^;  .S.  A /i/;/«wi/'/ii,  a>  wtll  as  a  lew  moiinstelic  sjHvicN.  <  )f 
lh«  M  i.itt*  r.  thn  e  .  s  /•;.'; .'r  /.I.  .^.  Lfuiifhyllii,  A\\y\  S.  ht: .  /:  rft.\  I 
I'.avi-  a  |»f».i.!:.ii  iii  I  iliM.'  }ial>it.  w  hii  li  m.iy  have  »»«Mnetli'n-^ 
t-'  «!••  wjth  l\u  Vi.\..\  lU  n^r  if  the  e;'i'!«rin:s  ■  n  li«»th  l«at- 
•'iirt.n  I  ••.  *.\liil'«!  till-  i«  nia'.nin'.;  tlirefi.N.  f.'tpi\ff:\.  N.  .t/*;^/, -w. 
.irui  s  ,fi..r:.n  ,\U'  hi 'Iip 'j»h\  !!■  nis  .s.  /  i. /.'."//  i-*  |M^'nlMr  ii'>t 
I  rii)     in    I'.. in!    ;••   !':.<•    anat    iun    mI    its   -liiw    'mt   a!>.»  m   its 

!•  i!-'!Mjt  ttiji  I.-»»  ;l:  ;  .it  lilr  .i  III:  as  .i  w  h- »If  ■  .it  ill  i\  «  lltH 
lh»  t  !t\  \  \  ■  •  '  ;■•  •  i<  s  I -Mr  i!i  •*  iis^t  ,h  .  .ii«-  iii  i\  s  i\-  tSMt  th«*Tr 
.iT«  tl.:if  »  .;.  '  !\jHS  t  I  sti  fii  stTiK  t  .iir  tin  «!  f  s\ «  T'.!f  .d 
rii'T.  !  .-.  It.*.;::-;  !•»  :lir  !:.!#':..  .i".  I  t'l'-  !  ittr.i"  S'-tr':. 
If'  *  .1:  « •!  !•  .'-^r  '■  •  It:..  !.  !•.»:  '.».«  !\  t'»  1»-  !i.i!tli  to  th«' 
ri'ii.*  :  '  '  '  !  !!.'  '  :'. .  :-'»:i!:  «  :\*  \\  ,ii  tl.i  :r:teiT:  il  i:  .i!  tin  «'!  tiir 
•  •  t;.  i!i  I  !  lie  :  I  :  •  i\  :s  !.  ^^  {  \n  .!■  jic.iiit  tl  iij»«  iii  !.  •!  !.is.ii 
I  ■   it      >    ;■»!.•     »         M:.l    :t  I      ::trirN:ii:j;  t.»  n*'tr  that,  with  the 
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few  not  extremely  important  exceptions  noted,  all  the  species 
with  heterogeneous  leaf-epidermis  belong  to  the  dorsiventral 
monostelic  or  allied  tristelic  types ;  whilst  those  with  two 
laterally-placed  steles  have  homologous  leaf-epidermis.  With- 
out pressing  the  point  too  much,  one  may,  I  thinks  say  that, 
on  the  whole,  a  classification  of  these  fifty-two  species  based 
on  the  anatomy  of  the  stem  is  supported  by  the  structure  of 
the  leaf. 


EXPLANATION   OF   FIGURES  IN    PLATE    IX. 


lllnstratiog  Professor  Harvey  Gibson's  paper  on  the  leaf  of  Selagimila, 

Fig.  I.  A  trichome  from  the  margin  of  the  ventral  leaf  of  S.  Douglasii,  with 
basal  investment  of  marginal  cells,     x  350. 

Fig.  a.-  Adjacent  stomata  of  S,  viticulosa.     x  350. 

Fig.  3.  Thick-walled  stomata  of  S,  Martensii,     x  350. 

Fig.  4.  Margin  of  the  ventral  leaf  of  S,  serp€ns,  showing  semi-occladed  ani- 
cellular  spines,     x  350. 

Fig.  5.  Stoma  of  S.producta^  showing  great  thickening  in  surrounding  epidermal 
cells,      x  350. 

Fig.  6.  Aligular  epidermis  of  the  ventral  leaf  of  S.  producta.  The  cells  have 
localized  thickenings,      x  350. 

Fig.  7.  Stoma  o{  S.  concinna^  with  almost  occluded  guard-cells.      X350. 

Fig.  8.  Stoma  of  ^.  GaleottiL     x  450. 

Figs.  9,  10.  Stomata  of  S.  viticulosa.  One  is  figured  with  three  guard -cells. 
X350- 

Fig.  II.  Aligular  epidermis  of  ventral  leaf  of  S.  patula.  One  of  the  warty 
sclerotic  fibres  is  shown,      x  350. 

Figs.  12,  13.  Development  of  stomata  from  a  young  dorsal  leaf  of  S.  uncinata, 
X550- 
Fig.  14.  Marginal  spine  of  5.  serpens,      x  350. 

Fig.  15.  Multicellular  trichome  from  the  basal  lobe  of  the  ventral  leaf  of 
S.  sulcata,      x  450. 

Fig.  16.  Sclerotic  fibre  with  two  rows  of  warts  from  the  aligular  face  of  the 
ventral  leaf  of  i*.  viticulosa.      x  350. 

Fig.  17.  Transverse  section  of  the  ventral  leaf  of  i*.  Lyallii,  X350.  (For 
description  see  text.) 

Fig.  18.  Transverse  section  of  the  ventral  leaf  of  ^S".  delicatissima,     x  350. 
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Fig.  19.  Transverse  section  of  the  ventral  leaf  of  S,  suberosa.  Three  of  the 
sclerotic  fibres  are  shown,     x  350. 

Fig.  ao.  Transverse  section  of  the  ventral  leaf  of  S,  canaliculata  near  the 
margin,      x  350. 

Fig.  21.  Transverse  section,  ventral  leaf  of  .9. //Mw^xa.     X350. 

Fig.  22.  Transverse  section,  ventral  leaf  of  ^S".  vitUulosa.     X350. 

Fig.  23.  Longitudinal  section  of  the  ventral  leaf  of  5".  helvetica,     x  350. 

Figs.  24,  25.  S,  concinna :  Fig.  24  from  the  margin  of  the  leaf,  Fig.  25  from 
near  the  midrib,     x  350. 

Fig.  26.  Transverse  section,  leaf  of  S.  spinosa,      x  350. 

Figs.  27,  28.  S,  rupestris:  Fig.  27,  a  longitudinal  section,  X350;  Fig.  28,  trans- 
verse section,  x  75. 

Fig.  29.  Transverse  section  of  the  ventral  leaf  of  S,  serpens. 

Figs.  30,  31.  S^  IViUenowiif  Fig.  30  from  near  the  margin  ;  Fig.  31  through 
the  midrib,  x  350.  The  latter  section  is  taken  across  the  upper  half  of  the  leaf, 
where  the  xylem  of  the  vascular  bundle  consists  chiefly  of  reticulate  elements. 
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NOTES. 

PBEI.IMINABY  STATEMENT  ON  THE  DEVEIiOPMENT 
OF  8FOKANQIA  UPON  PEBN  PBOTHAT.LI'.  By  William  H. 
Lang,  M.B.,  B.Sc. — The  observations  recorded  in  this  paper  were 
made  in  the  course  of  an  investigation  into  the  relation  existing 
between  variability  in  the  Fern  plant  and  apogamy  in  the  prothallus. 
This  research  was  undertaken  at  the  suggestion  of  Professor  Bower, 
F.R.S.,  and  has  hitherto  been  conducted  in  the  Jodrell  Laboratory, 
Royal  Gardens,  Kew.  To  Dr.  Bower  and  Dr.  Scott  I  am  indebted 
for  valuable  assistance  and  advice. 

In  two  of  the  species  investigated,  Scolopendrium  vulgare,  L.,  and 
Lasiraea  dilatata^  PresL,  sporangia  were  borne  upon  the  prothallus. 
In  the  former  they  were  sometimes  associated  with  apogamous 
development  of  the  sporophyte,  the  details  of  which  differ,  however, 
from  previously  recorded  cases  of  apogamy.  As  a  considerable 
period  must  elapse  before  an  amount  of  material  sufficient  for  the 
complete  study  of  details  of  development  can  be  obtained,  it  appeared 
advisable  to  describe  the  results  obtained  from  the  material  at  present 
available.  Cultures  are  about  to  be  commenced  in  the  Glasgow 
Botanic  Gardens  for  the  further  study  of  these  abnormal  prothalli. 

The  prothalli  of  the  two  species  investigated  will  first  be  described, 
and  the  theoretical  bearing  of  the  results  briefly  considered. 

iMstraea  dilatata^  PresL,  var.  crisiata  gracilis ^  Roberts. 

The  spores  from  which  the  cultures  of  this  Fern  were  made  were 
obtained  from  a  plant  in  the  collection  of  Mr.  C.  T.  Druery,  F.L.S., 
who  kindly  supplied  me  with  material.  This  variety  was  found 
wild  in  Carnarvon  in   1870.     Spores  were   sown  in   the  first  week 

'  From  the  Proceedings  of  the  Royal  Society,  Vol.  Ix,  1896. 
[Annali  of  Botany,  Vol.  XI.  No.  XLL  March,  1897.] 
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of  November,  1895,  upon  a  carefully  sterilized  soil,  consisting  of 
a  mixture  of  vegetable  mould  and  sand.  The  pot  was  kept  con- 
stantly covered  with  a  glass  plate,  and  the  necessity  of  watering 
was  avoided  by  standing  the  pot  in  a  large  saucer  kept  full  of  water. 
A  close  crop  of  well-formed  prothalli,  on  which  antheridia  and 
archegonia  were  present,  completely  covered  the  surface  of  the  soil. 
In  April,  1896,  a  number  of  the  prothalli  bore  normal  embryos 
in  an  early  stage  of  development.  Three  months  later  numerous 
young  plants  were  present,  which  were  found  on  examination  to  be 
normally  produced. 

The  prothalli  which  had  not  been  fertilized  had  lost  the  heart- 
shaped  outline  and  elongated  considerably ;  some  of  them  reached 
a  length  of  2  cm.,  and  were  5  mm.  in  breadth.  The  archegonia 
were  very  numerous,  and  were  situated  upon  a  distinct  cushion,  which 
was  continued  in  the  larger  prothalli  as  a  well-marked  midrib.  They 
were  arranged  in  transverse  rows ;  their  necks  had  opened  in  a 
normal  manner,  and  the  canal  showed  the  usual  brown  discoloration. 
Aniheridia  were  present  on  some  of  the  prothalli. 

In  some  of  these  prothalli  the  midrib  was  continued  into  a  cylin- 
drical process  of  variable  thickness.  This  arose  in  some  examples  as 
a  direct  continuation  of  the  apex,  but  more  frequently  was  attached 
to  the  under  surface,  just  behind  the  apex  of  the  prothallus ;  in  one 
instance  it  was  found  in  a  corresponding  position  on  the  upper  surface. 
The  actual  apex  usually  loses  its  merismatic  appearance;  it  grows 
out  as  a  narrow  triangular  lobe,  which  consists  of  colourless  cells,  and 
contains  tracheides.  This  lobe  closely  resembles  the  *  middle  lobe '  * 
found  in  the  apogamous*  prothalli  of  certain  Ferns,  and  probably 
corresponds  to  it.  In  a  few  instances  this  middle  lobe  is  formed,  but 
no  cylindrical  process  arises;  in  such  cases  secondary  prothalli  are 
produced  from  the  anterior  margin  of  the  thin  lateral  wings,  and  the 
whole  closely  resembles  an  aborting  prothallus  o{  Aspidium  filix-mas 
or  Pteris  cretica.  When  ihe  prothalli  are  seen  from  above,  the 
anterior  edge  can  be  traced  across  the  base  of  the  cylindrical  process. 
As  will  be  described  below,  the  first  sporangia  formed  on  the  prothallus 
are  usually  situated  on  this  margin,  especially  on  the  '  middle  lobe.' 
The  process  is  of  the  same  deep  green  colour  as  the  midrib.  Sexual 
organs,  often  in  considerable  numbers,  are  borne  upon  it.     They  are 

*  Farlow,  Quart.  Jonm.  Microscop.  Sc.,  1874,  p.  268.     De  Bary,  Bot.  Zeit., 
1878,  p.  463. 
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usually  well  formed ;  the  an  hegonia  o|K'n  in  tiic  usual  manner,  and 
ihc  s|N.*rmaiozoids  arc  capable  nf  active  movement  when  li Iterated. 
On  other  examples  variously  malformed  sexual  orpins  tniur.  The 
almomial  arc  hegonia  are  sealed  upon  small  elevations  composed  of 
cells  which  contain  chlorophyll ;  Nometimes  the  neck  is  o|)cn,  buc 
oUkt  examples  have  the  neck  closed  and  brancheil.  The  central  cell 
of  the  abnormal  anthcridium  is  arrested  at  a  more  or  less  early  stage  of 
dcrrlitpm^nt,  while  the  cell>  of  the  wall  and  the  ba<<'  take  on  active 
growth. 

The  s|K>rangia  are  either  isolated  or  associated  ttigfther  in  groupii, 
which  iM-ar  a  strikm^  rc^emblame  to  sori.  They  are  l>orne  U|>on  the 
process  or  clo>e  U-hind  it  u|K)n  the  true  middk*  lol)e,  and  are  rarely 
found  u{>on  pnithalli  uhiih  have  not  produieil  a  cylindrical  process. 
WtH'n  this  is  tin-  ias«'.  ihev  are  alwavs  isolated  and  situated  on  the 
rdtre  f'f  a  thin  < ontinuatton  of  the  prothallus  arising  from  the  apical 
deprrsMon. 

Single  «>|M»ran^.a  oiiur  frequenily  4»n  the  eilge  of  the  prothallus, 
whuh.  as  diMf.U'd  :iIk)Vc,  cro>si-s  ihe  luse  of  the  pr<Ke*s.  In 
a  numUT  ol  c-xaniplrs  a  single  s)K)rangium  occupied  a  median 
|K»^i:icin,  and.  tn'm  f-arln  r  stai^ts  oltscrvrd,  it  is  probable  diat  it  is  to 
W  traced  b.ii  k  to  the  original  grouint:-|M»int  of  the  pri»lhallus.  In 
olhi*r  (a^«'s  M-\rral  s|Mir.ingia  wc*re  formed  in  this  region.  Isolated 
•|>nr.irik'ia  arr  aN'>  It  mini  on  tin*  pmcrvH.  but  more  frctpienily  ^rttups 
arc  nw!  y\\\\\.  '1  In-v  i  <(U|'\  t!ii*  ii|>)>fr  or  l.ili  r.d  fairs  of  the  ptiKess, 
.iTi  !  wI.ii.«\'T  -]"r.i-:'  J  lit  1  irl\  "M'^ji?*  nf  ili-xr!' 'priii'iit  arr  ffiiiil, 
li.4-\  .ir-    •-.;•.  !'•   !  ■  :    :-  .i;'«-\       I:  i-*  |.ri>!..i'-!i*  :l.i:  :lii-  ^THips  ol  mI  !ir 

*;•■'■•?. ^' a    ). .  1   ; im    .*.-     .i  •  !    tmin   tlj-*   jhis;::!.!!    |i\    rh.-   lirib-r 

iT't  .\\\i   1.;   :■  i    J  '..I  I    *        1  i.f  ^'i.  up"  w«  T'-  A'.  .1  I  n:.*;'l«-r  tl'l*-  i!i«:.inir 

'1  :■    f- '  i'.  •. '    j   I-  ■;. .'  N  I  :  ^j..  iMii/i.i  .1.  1  *i  \\i\\  iT.- 1:  ^  .«»  .1  pun:  "f 

v^-TIi'  .!»•■  r«  '. .  .'  .1  u  I  r«  1.  \  .It  ti:Uj:l.-  •!  Aril,..-  '.,\\\*\r  j-rr*  fi! 
*  ■  -«  :«•  ■!.'•  "j  T  i:..-:  \.  ..1.  i  .1".  *:..  •«.;ti.-  I«-'.<  !  Mfi  ll.i  pr.  «  in*.  \\  l.rn 
iK-  J  r-  1  •  '^  .1*  '  r  ;r  ':•  r  .*  -;  ■  viit.  i.  I..i  1  .  ti  m;- .i  i  ^  .t-ih'.}!. 
.4:1  .'.-.■  •  I  !  !  I'  •  ■  ■  ■  1  ■■■.  •  T  ;■  '  .  r*  •■'.  :'  •  |  ••':  ri  !  •  \  'd  ".hi' 
^  ■.-.•;.  .  .1  .  .»  •  'j  !:  ■  '  »r  p  i"  i!  !  :!i  t  .■  *  II.  w  ■  .  Ji  !i.  -Tr 
W.i'.  -r  ■  ,'  I  ■!  •  .  •  in»'..i  !.  I  !  .li^.I--;t  !.:!•'  i!.!r:\.  !.:m.:  ri*.".i«n 
!•  f  •  ••  \..  I.  ■  .  .i:.*  K!.:/-  !^  .iri  .il  ■  •  p'«  ►  in-  «  I  i'-::!  1  *:..  .1  lri»tn  :!ir 
*\.\\'  '        •    .'  I'-K**-*    .i!i  !    *•  'if   .1*  r\:i  M..il   .ip;^a'aiiir   \% 

•  •!..  T'-   !    \   ''*•     -    If*   :'.i»i''i  'ii   ■!■  til'!    :ii  ■  pr.i'.i.a..!  il  i.a'.urr  ol   !!i»* 
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region  on  which  the*  sporangia  are  situated.  The  tissue  underlying 
the  sporangia,  however,  presents  peculiarities  in  structure  which  may 
modify  this  conclusion  to  some  extent.  Beneath  the  single  sporangia 
developed  on  the  edge  of  the  prothallus  a  few  tracheides,  which  agree 
in  every  respect  with  those  present  in  apogamous  prothalli,  were 
always  to  be  found.  Similar  elements  were  always  present  in  the 
tissue  beneath  the  groups  situated  on  the  process.  It  is  possible  that 
here,  as  in  the  case  of  the  sporangia  upon  the  prothallus  edge,  the 
first  tracheides  are  developed  before  the  young  sporangium  can  be 
recognized.  All  that  can  be  stated  with  certainty  is  that  they  are 
already  present  beneath  very  young  sporangia.  The  tracheides  may 
become  connected  together  into  a  band,  resembling  a  rudimentary 
vascular  bundle,  and  suggesting  a  comparison  with  the  vascular  supply 
of  a  sorus. 

The  development  of  the  sporangium  could  not  be  followed  in  detail 
in  the  material  obtained  as  yet,  but  a  sufficient  number  of  stages  have 
been  found  to  make  it  clear  that  there  is  no  difference  of  importance 
from  the  well-known  course  of  development  of  the  same  member  on 
the  sporophyte.  In  the  youngest  stage  seen,  the  apex  of  the  sporan- 
gium was  occupied  by  a  tetrahedral  cell,  the  cells  destined  to  form  the 
lateral  portions  of  the  wall  having  already  been  cut  off  from  a  large, 
dome-shaped  terminal  cell,  the  limits  of  which  were  clearly  recogniz- 
able. This  was  borne  upon  a  stalk  cell.  A  tetrahedral  archesporium 
is  formed,  from  which  tapetal  cells  are  cut  off.  The  tapetum  subse- 
quently becomes  two-layered,  and  the  central  cell  develops  into 
a  group  of  sporogenous  cells.  From  these,  in  the  most  mature 
sporangia  found,  a  number  of  dark  brown  spores  had  developed,  while 
the  tapetum  was  represented  by  numerous  granules  between  the 
spores.  The  number  of  spores  appeared  to  be  the  same  as  was 
contained  in  a  sporangium  developed  on  the  sporophyte.  The 
sporangium  wall  was  perfectly  developed ;  the  cells  of  the  annulus 
showed  the  characteristic  thickening  of  their  walls,  which  were  of 
a  dark  brown  colour,  and  a  well-formed  stomium  was  present.  When 
tested  with  dehydrating  agents,  the  mechanism  of  the  annulus  was 
found  to  be  perfect     The  stalk  consisted  of  four  rows  of  cells. 

No  sporangia  have  been  found  in  which  the  spores  were  ripe,  but 
in  view  of  the  advanced  stage  of  development  in  those  observed,  there 
is  every  probability  that  some  may  be  obtained.  It  will  be  interesting 
to   ascertain  if  the  spores  are   capable  of  germination,  and  if  the 
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prothalli  proiufoil  ^lum  any  jH-iuli.irilics.  Tlic  s|»<>rcs  furn  alroaJy 
|•o^<4-^^0(l  a  thick  \%all  on  \%liuh  indit  .ilioiis  of  sculpturing  were 
apparent,  anil  a  **:nplr  nuclfus  \%as  prcsi-nt  in  oaih. 

When  the  unnatural  conditions  undcT  which  \\wy  iIevclo)»eil  are 
Uirno  in  niiinl,  i;  i>  nt>i  surprising  that  many  irn|iorfeit  5|K>rangia 
wcTo  fouml.  >U(  h  s}M>ranpa  were  in  fad  the  more  numerous.  Some- 
times  the  .irri  >t  of  iji-wlopmrnt  had  taken  plaio  In-fore  the  ta|ielum 
had  ori>:inated  from  ihr  anhcsporiuin  :  hut  more  commonly  the  doultle 
la\er  of  ta]>c*tal  i<  lis  was  prt  sent,  surrounding;  a  s|K)ro>{em»us  cell 
whiih  had  iKMiiini*  h:^'hl\  rrfr.u  (i\e.  ihi*  nut  h  us  U-in^  indistmfruish- 
aMe  1  h<*  aniu:Ius  lould  Ik*  ni.uli'  out.  hut  its  cells  wen*  tlr.n-ualled 
and  iiili>urli">s.  ,itid  ihi  whole  s|h  ran^iuni  \^as  pale  am!  m^ri*  flattened 
than  oil*  of  thf  s.inif*  .il'<  in  \Or.i  h  sj<4'tro^'rnous  tis>ut*  had  formed. 

No  i'\i.|i-nif  li.»s  \.  t  liC'ii  oht.iineil  itf  the  produrtiiin  of  sjn^ro- 
|>h\:t->.  shiiuiii;^'  \e::' (.itivr  or;:.nis.  ujion  the  ('\!tndrii.il  prtK'ess;  but 
on«-  fX.iTr.|  le  \«.»H  s, ,  n  in  whii  h  a  ^'roup  of  >|Hiran^'ii.  situated  on  ilie 
a]K'X  III  ;1  r  prc«r«s.  \i.is  surriMuitlid  hv  rainenia. 

.s,  ■    f^nit sum  :u\'>irt-,  I...  \at.  f,imi4/-'\t.\tinium,  Woll. 

'Ihr  4ui'.uri^  i>l  this  I'Vin  wi-re  m.idc  in  tiie  manner  already 
iV-^  rsl^d  'lir  /  n.'f.if't  xiiitiiLi.  '\\\v  ^jM.rt  s  um-  oltainetl  from 
a  pl.int   L'f'  ^«ii   \\\   :1  •'  •'i«ii  .i-r   in  thi-   Royal  (iardcn^.   Kc«. 

Ihr  I  rx'i  i!.i  u<  n-  .4I  tir-t  hiMri-shj|ii  d.  aiul  on  nuiny  i>f  them 
ni'rnk.i!I\  pT«- !u.  1  I  iii-l-r)!-*  .!•  \i  Inprtl.  No  iur:hrr  i  han^'es  ensued 
It)  ;l.'  -■   ■•ti  '\\  ill   \«Mii./  I  l.ij-:^  Mi.'i    |.r« -i-iit,  xwA  !hi\  sin»!i  Ui  .ime 

Iti    :}.<•>•-    M !..!  !i    1. 1  I    :itnii.(-l    ui.!i  r:iii/r>l. 
::•'  .  '!\   .11    •  .1  I  \  !:'ilf :«  il  I  r-  ■!  I  SN  '.  w  h'.i  h 
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are  capable  of  fertilization,  for  in  some  instances  normally  produced 
embryos  were  found. 

After  the  process  has  in  this  manner  attained  a  greater  or  less 
length,  its  tip  becomes  yellowish,  contrasting  with  the  deep  green 
colour  of  the  region  behind.  Near  the  apex  ramenta  develop,  which 
soon  completely  clothe  the  tip  of  the  process  and  render  it  white  and 
conspicuous.  Archegonia  are  present  to  just  below  the  ramenta. 
Longitudinal  sections  at  this  stage  show  that  one  or  two  small 
elevations  corresponding  to  the  rudiments  of  the  apex  of  the  stem 
and  the  first  leaf  of  the  sporophyte  have  been  formed.  Beneath  the 
broad  tip  a  flat  mass  of  small  merismatic  cells  extends ;  the  meris- 
matic  tissue  is  continuous  with  that  of  the  stem-  and  leaf-apices,  but, 
on  passing  away  from  these,  is  separated  by  several  layers  of  large, 
non-merismatic  cells  from  the  surface.  In  a  slightly  older  stage  the 
stem-apex  has  become  conical,  and  a  number  of  leaves  have  formed 
which  are  circinately  curved,  and  formed  a  bud  clothed  with  ramenta. 
In  the  merismatic  mass  numerous  tracheides  have  been  developed. 
One  large  group  is  central  in  [K)sition,  and  extends  to  the  limit 
between  prothallial  and  sporophytic  tissue,  while  others  are  found 
beneath  the  bases  of  the  leaves,  and  are  in  continuity  with  their 
procambial  strands.  The  apex  of  the  stem  is  occupied  by  an  initial 
cell,  the  relation  of  which  to  the  initial  cell  or  cells  of  the  apex  of  the 
process  has  not  yet  been  traced.  The  young  sporophyte  appears  to 
be  a  direct  continuation  of  the  process.  It  is  possible  that  some  of 
the  cases  of  apogamy  recorded  by  Slange '  were  of  this  nature,  but  in 
Doodia  caudaia^  R.  Br.,  which  is  the  only  one  of  his  species  yet 
investigated  in  detail*,  the  elevations,  from  which  sporophytes 
developed,  were  situated  on  the  under  surface  of  the  prothallus.  This 
case  appears  to  be  intermediate  in  character  between  Scolopendn'um 
and  the  species  investigated  by  De  Bary '. 

Several  prothalli  were  found  bearing  sporangia ;  these  were  grouped 
together  in  large  numbers,  usually  upon  the  upper  surface  of  the 
cylindrical  process,  but  sometimes  both  above  and  below.  Archegonia 
were  situated  close  to  the  groups  of  sporangia.  In  the  region  of  the 
prothallus,  underlying  the  group,  a  strand  of  tracheides  was  found ; 
in  one  instance  this  was  connected  with  a  spherical  mass  of  tracheides 
developed  to  all  appearance  within  the  venter  of  an   archegonium 

'  Ber.  der  Gesellsch.  f.  Bot.,  Hamburg,  1886,  p.  43. 

=•  Heim,  Flora,  1896,  p.  329.  '  Loc.  cit. 
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wliuM*  ncik  had  not  ti|>cncJ.  The  ti>sue  upon  which  the  ftporangia 
are  inscrini  is  thin-M ailed,  ami  its  cells  have  >;ranu]ar  contents;  it 
contrasts  sharply  with  tin*  cells  of  the  prothallus  which,  have  a  large 
vacuole  and  w.dls  uhich  stain  much  more  deeply  with  haematoxylin. 

As  in  the  case  of  l.astriua  dthtata,  the  ^^ta^es  seen  render  it 
prohahle  ih.il  the  si>oraiif;ia  follow  (he  usual  course  of  development. 
Two  layers  of  ia|>eial  ceMs  are  formed  which  surround  a  considerable 
mass  of  s)>orog('nous  tissue.  Many  of  the  s^nirangia  fail  to  attain  full 
develttpnieni :  they  remain  colourles>i  and  in  time  wither.  A  few 
ha\t*  U'en  found,  however,  wiili  a  wrll-develo(K*d  annulus  of  a  dark 
iolour ;  tli«'Mr  ciMitainrd  s)<ores  which  have  mx.  however,  Ik-cii 
examined  in  di-tail. 

In  one  case  iw<i  r.iinenia  overarching  a  ^roup  of  s|)orangia  were 
seen.  At  lir*>i  >iglii  ii  sri-nicd  ^lossible  thai  they  mijrlit  corresfM'ind 
to  an  indusium,  hut,  \%lien  taken  in  c(»nnexion  uith  another  example 
m  which  a  lUindrital  pr<KeN>,  uhich  U>re  s|ic»ran^ia  laterally, 
icrminaied  \\\  an  api-ganiou^ly  produced  liud,  anoihiT  explanation 
ap|N*ars  nicrr  pr(»h.ilile  ;  thi.s  \iiil  \k  referred  lo  again  U'!o\i'. 

It  is  wnrthv  of  notf  that  anoilur  larit-ly  of  liiis  specie?!  Imh  lieen 
found  to  produi  f  \iiung  plants,  the  first  frtMids  of  uhich  liore 
numerous  proihalh  uhile  still  in  roniiexiMn  uith  tlie  stem*.  The 
proihalli  rMi  uhuh  ihest*  planis  ap}N'arrd  had  Imtu  subjected  to 
r(-|NM:r<!  MiUi:\isti>ii.  a  priHi*NS  ^^hiih  in  t»iher  sp-i  's'  h.is  lieen 
fiiUTi'l  1(1  iixliti  I- .i|  i>^MMwm<»  dr\elitpment  of  ihc  spiir(iph)le.  I'nfor- 
lUTia!' !\  n<  :^  •  k'  1^  kii"\Mi  <>!  ihr  ni.inri'T  in  uhuh  thr^e  |vm  u'lar 
pl.ifi'^  of  .S  .  '  »;/'.;,".■  ut '#•  |>r<  -liii  lit.  Im;  it  >  jni'-^ililr  that  thr) 
.ir«  ***  .ij"'/ iM.i lU*  \  1  ii<  1  .i*«r  III  >.  I  fx*i.i* tH*'i  ui'iild  ili«*n  lie 
lolii]  (.'..!''•  '■•  '\  \\  •>!  I  f :.  h-  *\.i*h  i  ..-.il.'irm  *.  Ill  w  Ii:>  )i  .1)<«>^U11V  and 
.tjr  >}•>  r\  i<i>\>f.  rr<i'l.i.i.  K.i\i  !f(Mi  IiiiiimI  in  .irisc  tlirr*  tl\  (;i>ni 
•ti'    ■':•'   !i  ■•:.>.  I    .III'!.!  r  v.rir  %  i-l  .S     .'  /t  n.h  turn  * 

\:i  .i::iiiij:  '\\i\  :..r.\  U     in  i.Ji-   t<i  l-nn^*  'Lr  iftiiliir  rn-Hlit'ii  ilmn  u| 
!!ir    \.''    hi*'<r.     iv    !-      nl      ii-o-    lirns    .iiti  •    ti  U'ltili     \»iL!i     |  fi  Miiil«l]k 
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cylindrical  process :  its  origin,  the  character  of  its  cells,  the  presence 
of  functional  sexual  organs,  the  development  of  rliizoids,  and  the 
direct  transition  to  an  ordinary  flat  proihallus-apex  sometimes  met 
with,  are  sufficient  grounds  for  this  conclusion.  The  distinction 
between  its  origin  as  a  direct  continuation  of  the  prothallus,  and  the 
cases  in  which  it  arises  behind  the  apex  which  has  lost  its  merisrnatic 
character,  is  not  an  essential  one.  Both  forms  occur  in  Lastraea 
dilatata\  in  the  latter  case  the  process  may  be  compared  with  the 
numerous  elevations  which  appear  on  the  under  side  of  old  prothalli 
of  Doodia  caudata^^  and  are  capable  of  apogamous  development. 
The  formation  of  such  processes  by  prothalli  which  have  attained 
a  considerable  size  without  having  been  fertilized,  appears  to  be  of 
not  infrequent  occurrence,  and  is  usually  associated  with  apogamy. 
It  is  recorded  in  Todea  pellucida,  Carm.,  T,  rivularis^  Sieb.',  and 
Athyrium  filix-foemina,  Bernh.',  and  the  writer  has  found  in  Aspidium 
frondosuvty  Lowe,  as  many  as  six  apogamous  buds,  formed  from  the 
tips  of  cylindrical  processes  which  arose  from  the  anterior  margin  of 
a  prothallus. 

The  term  cylindrical  process  *  has  been  used  to  avoid  confusion 
with  the  middle  lobe  developed  in  aborting  prothalli  of  Pteris 
crelica  and  Aspidium  filix-mas.  This,  as  De  Bary  has  shown,  may  be 
regarded  as  corresponding  to  some  extent  with  the  first  leaf  of  an 
apogamous  sporophyte*.  A  structure  comparable  with  this  middle 
lobe  has  been  found  in  prothalli  of  Lastraea  dilatata^  which  had  also 
produced  a  cylindrical  process ;  usually  one  or  more  sporangia  were 
borne  upon  it. 

Tracheides  were  always  present  in  the  tissue  beneath  sporangia, 
and  the  question  arises  whether  iheir  occurrence  is  to  be  regarded  as 
of  morphological  significance.  They  have  been  found  in  the  pro- 
thalli of  a  number  of  species  of  Ferns,  and,  in  every  case  investigated, 
were  associated  with  apogamy.  In  the  case  of  Pteris  cretica^  the 
differentiation  of  the  tracheides  in  the  prothallus  precedes  the  origin 

'  Hcim,  loc.  cit.,  p.  340,  Fig.  1 2. 

*  Stange,  loc.  cit. 

*  Drucry,  Card.  Chron.,  November  10,  1895. 

*  It  is  impossible  lo  determine  whether  the  structnre  to  which  Wigand  (Bot. 
Zeit.,  1849,  p.  106)  applied  this  name,  and  which  he  inclined  to  consider  as 
a  rudimentary  nxis,  was  of  the  same  natare  or  was  a  true  middle  lobe,  but  the 
latter  appears  the  more  probable  conclusion. 

'"  Loc.  cit.,  p.  464. 
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01'  I  he  buii '.  This  is  the  c.im.'  also  with  the  single  ^)H)ran>;ia  furined 
on  th(*  I'tl^e  of  thr  |>rothAlIu>,  ami  prohahly  holds  ^ood  for  the 
t; roups  of  s}K)ran^i.i  lK»me  on  the  procesv  Hut  tracheides  may 
(Hcur  in  liic  {irothallus  at  a  disianco  from  the  place  of  origin  of 
K.d>  or  >porangia.  Tutting  aside  die  case  of  tlie  middle  IoIh*.  the 
prndiallial  nature  ot  whieli  is  open  to  douht,  a  large  bundle  of 
tradieides  was  UiuimI  in  the  >ut»ianci*  of  a  tle.shy  proihallus  of 
a  \.ir:rt\  of  . Vi* •/''/•»«'/; /ww  r-M^''"'- ^^^i^'*  l*^*^^*  i^umerous  art. hegnnu 
on  titr  surtaii->  :mniedut<*ly  aixtve  and  U'low  the  irachcides.  Klongateil 
cells,  uhich  ri'M-mhli-  st  ierem  hyma-fi^res,  ociur  in  the  midrib  of 
certain  fmn  lo-i-  I.iverwuris -.  A  still  m«»re  njMruilive  example  i« 
afforded  by  the  prev  lite  of  traclieiile<  in  the  ni.i>MV('  endo>|)erm  of 
ct-riain  (  \caiN  .  This  latter  lase  ^l.o\^^  ilcaiU  that  sui  h  elements 
ma}  t*e  lornird  in  .lie  ganielophyie  to  meet  a  physiologiial  need. 
It  Minis  inatlMs:ili|i-.  ilureloie,  U*  \.\\  *t!e>s  on  the  pre>en(e  of 
iradifidi-^  a"*  a  niraiiN  «•{  di*>tingui>hing  between  the  twu  gem  rat -on^. 
and  the  n.crr  Mt  Mnie  tin  11  oiiurrence  in  a  {Mtrimn  nf  di  -  pruthallus 
uhih  is  .dniu'i  tu  l«-ar  a  buil  nr  s|K>rangia  lan  Ih.*  rciogni/t-d  as 
4  phi*>;i-l<  ga.il  .iih.in:ak;e.  Sm h  nu-an.s  «il  priH.UMnk'  a  suthiient 
\hairr->u|>pi\  Uiai  br  .1  iieL('*'>ai\  pir!iniinat\  to  the  ilvelopment  of 
a  \"Ung  H}<»ii>;  !i\if-  i-r  a  i:r<a]p  «>!  >}Miian^ia. 

La;i:l\.  1:  ri  fii.iiiiH  \*t  ii>iiM>!i-r  :he  vicu  u»  Ik*  •aLi-ii  i*!  liif  prrseme 
I  I  tl.f-  «.t.i'.>:  oiii  n  p!< ->!ui  liM'  iirgan*^  t>f  liic  .i^i  \uai  gem-r.ition 
u|M  ;i  ::  •■  ^.-.iii.i  :i>;  ;i\  •  .  .i::>l  l«>  it  w^i  Irr  i:n  lN-.i;in,:  upon  thi-  nature 
!•:  .4/iiii.4".  :.  I  .■•  •  :  :  :  '  iu '.:.'  Ar.  "lit  L'"it:.r..ii-  >.:.*  e  :Ih*  i!:m  ■  •■.erv 
:[...:      :»    I  ■  r'  .  :.    .    1   ■  •     :  :.       .     !'.■  i  »"  ■  ■  .    •       ..  I     .. :  *        '..:•  x    '.\     '.Utlix 
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i\  r!i'  \:-  :.■..;.  -.^  .  J  Ml.-.  -.•■  M  *  t  >:.  :)..-  ■  ..*•:  I  \'\  '.  .:  ^  .ii 
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the  intervention  of  the  vegetative  organs.  At  first  sight  such  appears 
to  be  the  case  in  the  prothalli  of  the  two  species  described ;  sporangia 
were  present  in  close  proximity  to  the  sexual  organs,  the  vegetative 
organs  of  the  sporophyte  being,  at  most,  represented  by  a  mass 
of  cells  underlying  the  group  of  sporangia,  and  even  this  distinction 
may  not  be  recognizable  beneath  the  single  sporangia  on  the  edge  of 
the  proihallus. 

Several  reasons  may  be  adduced,  however,  against  regarding  these 
phenomena  as  evidence  that  the  alternation  of  generations  found  in 
the  Ferns  is  not  antithetic.  In  the  first  place,  it  is  to  be  noted  that  the 
two  forms  in  which  sporangia  have  been  observed  upon  the  game- 
tophyte  are  highly  variable  species,  and  that  the  varieties  studied  were 
well-marked  crested  forms.  Further,  the  conditions  under  which  the 
prothalli  existed  were  in  several  respects  unnatural.  Among  them 
the  fact  that  fertilization  was  prevented  by  not  watering  the  cultures 
from  above,  and  that  a  prolonged  growth  of  the  unfertilized  prothalli 
was  thereby  induced,  is  of  special  interest,  for  it  appears  that  apogamy 
is  liaUe  to  occur  under  such  conditions  in  Ferns  which,  as  a  rule, 
reproduce  sexually.  While  these  considerations  do  not  of  themselves 
preclude  deductions  being  made  from  these  peculiar  forms  of  repro- 
duction, they  necessitate  especial  caution  in  their  use  in  the  discussion 
of  broad  morphological  questions. 

Further,  a  number  of  reasons  exist  for  considering  the  production 
of  sporangia  on  the  prothallus  as  a  special  case  of  apogamy.  In 
Scolopendrium  vulgare  a  sporophyte  may  develop  from  the  tip  of 
the  cylindrical  process.  This  may  happen  after  a  group  of  sporangia 
has  been  developed.  In  one  case  two  ramenta  were  present,  one  on 
each  side  of  a  group  of  sporangia ;  they  were  in  every  respect  similar 
to  the  ramenta  whic'i  develop  on  the  tip  of  the  process  when  it  is 
being  transformed  into  the  apex  of  a  bud.  Whenever  a  group  of 
very  young  sporangia  was  seen  it  was  situated  upon  the  apex  of  the 
lobe,  and  the  sporangia  were  in  a  more  advanced  stage  of  develop- 
ment the  further  the  group  to  which  they  belonged  was  removed  from 
the  apex.  This  has  been  most  clearly  seen  in  the  case  of  Lastraea 
dilaiata,  in  which  no  buds  with  vegetative  organs  have  as  yet  been 
seen,  although  in  one  case  ramenta  were  associated  with  the  sporangia, 
but  it  also  holds  for  Scolopendrium,  The  explanation  of  these  facts 
which  appears  most  probable  is  that  each  group  of  sporangia  had 
occupied  the  apex  of  the  process  when  very  young,  and  had  become 


furilK*r  removed  from  this  {lOMlion  as  the  process  coiiiiiiucd  to  increaiM! 
in  length.  It  is  uncertain  whcthi-r  this  {growth  is  bv  dircit  continua- 
lion  of  the  original  growing-|K)ini  of  the  process,  or  whether  the 
development  of  a  group  of  s|>orangia  at  the  apex  necessitates  the 
formation  of  a  new  growing- |K)iht :  possibly  both  forms  occur.  If 
the  latter  Ih.*  the  case,  a  proicss  on  uhuh  several  groups  of  sporangia 
are  present  must  \yo  looked  u}Kin  as  a  s\m|iodium.  Some  probability 
IS  lent  to  this  \irw  by  the  fact  th.U  the  fust  ap|>earance  of  the 
pro(.e>s  in  Last* af it  is  u^ually  as  a  symiMHlial  continuation  of  the  axis 
of  a  prothalius  who>e  tiue  a|M*x  lu^  develojied  one  or  more  sporangia. 

Since  the  group  of  s|K>rangi.i  and  the  tissue  of  |K.*culiar  character 
on  which  they  are  seated  are  drvelo|K*d  in  the  place  of  an  apoga* 
mously  prcxluved  ve^eta:i\e  bud,  they  m.iy  In*  l(»oked  upon  as  con- 
•'titutihg  a  very  reduied  s|N)rop!i)  te.  The  drain  u|H)n  the  resources 
of  the  prnthalliis  entailed  Ity  the  prtHlutiion  of  this  retluced  bud, 
which  is  incapable  of  fuither  growth,  is  much  less  than  wlien  a 
vegeiativf  bud  i?»  formed.  'Ibis  explains  \%hy  a  numlier  of  such 
s|ioran^i.d  groups  lan  U*  proiuied  and  supiMtrted  by  a  single  pnv 
ihalluo.  The  i4iiirrrtt<.e  of  a  numU-r  of  vegetative  buds  cm  a  single 
prothalluN  is  the  rxtrpiinn.  but  may  hippi-n.  as  the  case  of  Aspidtum 
/ronJosym.  N*fore  mentioned,  shows. 

It  IS  probablr  that  it  is  in  the  constitution  of  the  nuclei  that  a  means 
o(  distiiKtion  iM-tweiii  lelN  of  the  oophyte  and  the  s|K>rophyte  must 
ht  l(«ikrd  tor  111  thf-v  I  .iM's  in  uhich  the  luo  grneratums  are  in 
intiitt.t:i'  (  uTirii-M-  ri  u-.  h  t-.n  li  tiiin-r  V 

Th«'  I  ii'iij  ,1  :i-  !::••  li^'.nrx  i»l  ;he  I'l-rii  J^  n  'Ins*'  i4«mh  \.\\\  further 
«h(ir!f-nf-,t  th.iii  ;ti  t:  e  nr  tinary  i  asrs  ol  ajxi^aiiiy  :  iioi  m«'rrly  the 
firiii.iti  •!!  i>!  .i  /\^'«i!i-  1>\  tin  tusi  111  III  ai)ih«-ri>/>itd  and  o\uni,  but 
X\.c  |4>r!i.  i!  iiti  m!  .iti  Mii!it\it.  :ii  u)ii.  b  ati\  d:tli  rriiiiatii>fi  of  the 
\r^'f-:.r.;\r  ■  Tk'-fj"  ^  all  !  •■  il'iriii-*!.  !•»  i>ini.ifd.  and  tlif  <«|^»roph\te 
II  rr-!ii(i-.'.  ;..  .i  !t:.i'.o  . .<  :iNsui-  ulitih  ii«4V  l-r  iiiriipjrrd  to  a  pUietita 
iTjr  t.fc'  "I"  •viT  .-..i  I  t.r  I  •«  «  iiririM  (-  nl  *ih^!r  sj«i:.itip;ia  U|*»n  the 
r*\^r  if  :;,•■  •  r>«:ii.i'.'u^  tnix.  in  :li«-  li^lit  i>l  ;bf-  sf;ir\  ol  Mac' ^ 
df-'t:.!*-  1.  I*  (  "I;-:  !r:r  !  ii  .i  «t:ti  tllllli't  \  A^r  o*  fi  lui  tioil  ot  jl| 
a{'<<.^ifi.<>.i«  -|i  :  J  !.\  ••  \\  ;.;'.«  'hi^  l\^m\  ||.  •(  ah- •ijf.hrr  Jimelil  the 
ri|  l.i:..i*;    n    '?    W.r    |'.s»Uir    i>I    ^{- 'T.!!!^'..!    U}Hiti    \\ir     y\*\'.\tX\\\XS    Imm 
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two  generations,  it  brings  the  present  case  into  line  with  other 
exceptions  to  the  normal  life-history  cycle,  whose  bearing  on  the 
nature  of  alternation  has  been  discussed  by  Bower  *.  The  present 
case,  although  more  striking  in  its  appearance,  seems,  so  far  as  it  has 
been  investigated,  to  afford  no  sufficient  reason  for  dissenting  from  the 
conclusion  at  which  he  arrived. 

It  is  of  interest  to  note  the  additional  evidence,  were  such  needed, 
which  these  observations  afford  of  the  generalization  made  by  Goebel', 
that  the  sporangium  is  to  be  regarded  as  an  organ  sui  generis. 

From  the  staff  of  the  Royal  Gardens,  Kew,  I  received  ready 
assistance  in  many  practical  matters  in  the  conduct  of  the  cultures ; 
my  thanks  are  especially  due  to  the  curators,  Mr.  Watson  and 
Mr.  Nicholson. 

ON  CHEIBOSTROBUS,  A  NEW  TYPE  OF  FOSSIL  CONE 
FBOM  THE  CAIiCIFEBOns  SANDSTONES  ^  By  D.  H.  Scott, 
M.A.,  Ph.D.,  F.R.S.— T^^if  Peduncle.— The^  first  indication  of  the 
existence  of  the  remarkable  type  of  fructification  about  to  be  described, 
was  afforded  by  the  study  of  a  specimen  in  the  Williamson  collection, 
from  the  well-known  fossiliferous  deposit  at  Pettycur,  near  Burntisland, 
belonging  to  the  Calciferous  Sandstone  Series  at  the  base  of  the  Carbo- 
niferous formation.  This  specimen  is  a  fragment  of  stem,  of  which 
seven  sections  are  preserved  in  the  collection  *.  Its  discoverer  thought 
it  might  possibly  belong  to  the  Lepidostrobus  found  in  the  same  bed. 
*  If  so,*  he  adds,  *  it  has  been  part  of  the  axis  of  a  somewhat  larger 
strobilus  than  those  described  *,' 

A  detailed  examination  of  the  structure  of  this  specimen  convinced 
me  that  it  is  essentially  different  from  any  Lepidodendroid  axis,  and 
is,  certainly,  a  new  type  of  stem  *. 

As  it  was  the  examination  of  this  fragment  of  stem  which  first  put 
me  on  to  the  track  of  the  new  cone,  it  may  be  well  shortly  to  describe 
its  chief  characteristics,  reserving  all  details  for  a  future  paper. 

*  Annals  of  Botany,  Vol.  iv,  1890,  p.  347.  •  Bot.  Zeit.,  1881,  p.  707. 

*  Preliminary  Paper,  read  before  the  Royal  Society,  January  21,  1897. 

*  The  cabinet-numbers  are  539-545. 

*  Williamson,  Organization  of  the  Fossil  Plants  of  the  Coal-measures.  Part  III. 
Phil.  Trans.,  1872,  p.  267.  * 

*  A  short  account  of  this  specimen  was  given  by  me  before  the  Botanical  Section 
of  the  British  Association  at  the  Liverpool  Meeting,  1 896.  See  Brit.  Assoc.  Report, 
1896. 
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The  specimen,  which  is  about  7  mm.  in  diameter,  bears  the  bases 
only  of  somewhat  crowded  leaves,  the  arrangement  of  which,  though 
not  quite  clear,  was  most  probably  verticillate,  with  from  nine  to 
twelve  leaves  in  a  whorl,  those  of  successive  whorls  being  superposed. 
Each  leaf-base  consists  of  a  superior  and  an  inferior  lobe,  and  each 
lobe  is  palmately  subdivided  into  two  or  three  segments. 

The  leaf-traces,  which  are  single  bundles  where  they  leave  the 
central  cylinder,  subdivide  in  both  planes  on  their  way  through  the 
cortex  to  supply  the  lobes  and  segments  of  the  leaf. 

The  central  cylinder  is  polyarch,  the  strand  of  wood  having  from 
nine  to  twelve  prominent  angles,  with  phloem  occupying  the  furrows 
between  them.  With  the  exception  of  the  spiral  protoxylem-elements 
at  the  angles,  the  tracheae  have  multiseriate  bordered  pits,  thus 
differing  conspicuously  from  the  scalariform  tracheae  of  the  Lepi- 
dodendreae.  The  interior  of  the  stele  is  occupied  by  tracheae 
intermingled  with  conjunctive  parenchyma.  There  is  a  well-marked 
formation  of  secondary  tissues  by  means  of  a  normal  cambium  ^ 

TJie  Strobilus, 

Mr.  R.  Kidston,  F.G.S.,  kindly  informed  me  that  he  had  in  his 
possession  sections  of  a  fossil  cone  from  Burntisland  having  certain 
points  in  common  with  the  Williamson  specimen.  On  inspecting 
these  sections  with  Mr.  Kidston,  I  was  soon  convinced  that  this 
undescribed  cone  really  belonged  to  the  same  plant  as  the  fragment 
of  stem  in  the  Williamson  Collection,  and  that  the  latter  might  well  be 
the  peduncle  of  the  former.  At  the  same  time  I  satisfied  myself,  and 
Mr.  Kidston  agreed  with  me,  that  the  whole  organization  of  his  cone 
is  fundamentally  different  from  that  of  any  Lepidosirobus,  the  decisive 

*  The  general  ^tnictare  of  this  axis,  including  the  course  of  the  bundles  and  the 
snbdiyision  of  the  bnicts,  is  correctly  described  by  Williamson,  loc.  cit.,  p.  297. 
As  regards  the  latter  point,  he  says,  *  peripherally  the  bark  breaks  up  into  main  or 
primary  bracts,  which  again  subdivide,  as  in  the  transverse  section,  into  secondary 
ones,  demonstrating  that  each  primary  bract  docs  not  merely  dichotomize,  but 
subdivides,  both  horizontally  and  vertically,  into  a  cluster  of  bracts — a  condition 
corresponding  with  what  I  have  already  observed  in  the  smaller  strobili  described.' 
These  smaller  strobili  arc  those  of  the  Burntisland  LepidostrobuSt  to  which,  by 
a  strange  coincidence,  Williamson,  loc.  cit.,  p.  295,  erroneously  attributed  the 
same  character,  as  regards  subdivision  of  the  bracts,  which  actually  exists  in 
the  new  cone.  The  only  explanation  appears  to  bo  that  Williamson  interpreted 
the  structure  of  the  Lepidostrobus  in  the  light  of  that  of  the  peduncle,  which,  ai  we 
shall  see,  really  belonged  to  a  totally  different  fructification. 
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point  being  that  the  new  cone  has  compound  branched  sporophylls, 
each  of  which  bears  a  number  of  sporangia.  It  became  evident  that 
this  cone  must  be  placed  in  a  new  genus,  and  the  conclusion  arrived 
at  from  the  study  of  the  peduncle  was  thus  confirmed. 

Mr.  Kidston  most  generously  handed  over  his  sections  to  me  for 
examination  and  description,  and  also  obtained  for  me  from  the 
owner  the  remains  of  the  original  block,  from  which  I  have  had 
a  number  of  additional  sections  prepared. 

Only  a  single  specimen  of  the  cone  is  at  present  known.  Before 
cutting  sections,  the  piece,  which  includes  the  base  but  not  the  apex 
of  the  strobilus,  was  about  two  inches  long.  It  was  found  at  Pettycur, 
near  Burntisland,  in  1883,  by  Mr.  James  Bennie,  of  Edinburgh.  The 
specimen  is  calcified,  and  its  preservation  is  remarkably  perfect,  so 
that  the  whole  structure  is  well  shown,  though  the  complexity  of  its 
organization  renders  the  interpretation  in  some  respects  difficult. 

The  cone  in  its  present  somewhat  flattened  condition  measures 
about  5  cm.  by  2*3  cm.  in  diameter.  The  diameter  in  its  natural 
state  would  have  been  at  least  3*5  cm.  That  of  the  axis  is  about 
7  mm.,  exactly  the  same  as  that  of  Williamson's  peduncle.  Thus  the 
extreme  length  of  the  sporophylls,  which  have  on  the  whole  an 
approximately  horizontal  course,  is  about  1*4  cm. 

The  sporophylls  are  arranged  in  somewhat  crowded  verticils, 
fourteen  of  which  were  counted  in  a  length  of  an  inch,  2 '5  cm. 
There  are  twelve  leaves  in  each  whorl,  and  the  members  of  successive 
whorls  are  accurately  superposed,  a  fact  which  is  shown  with  the 
greatest  clearness  in  tangential  sections  of  the  cone.  This  is  evidendy 
a  point  of  great  significance  in  considering  the  affinities  of  the  fossil. 

The  sporophylls  themselves  have  a  remarkably  complex  form.  At 
its  insertion  on  the  axis  each  sporophyll  consists  of  a  short  basal 
portion  or  phyllopodium  ;  the  bases  of  the  sporophylls  belonging  to 
the  same  verticil  are  coherent.  The  sporophyll  branches  immediately 
above  its  base,  dividing  into  a  superior  and  an  inferior  lobe,  which  lie 
directly  one  above  the  other  in  the  same  radial  plane.  Almost  at  the 
same  point  each  of  the  lobes  subdivides  in  a  palmate  manner  into 
three  segments,  which  assume  a  horizontal  course,  whereas  the 
common  phyllopodium  has  an  upward  inclination.  It  is  probable 
that  sometimes,  especially  at  the  base  of  the  cone,  there  may  be  two 
instead  of  three  segments  to  each  lobe.  As  a  rule,  however,  each 
sporophyll  consists  of  six  segments,  of  which    three  belong  to  the 


»U|M  nor  (\ciiiral  or  losU-nor)  ami  three  to  the  inferior  (dorsal  or 
ante  nor)  lol>c. 

The  seffineius  are  of  two  kiiuls — sterile  anil  fertile.  Ho(h  alike 
conM!4t  of  a  lonf^.  straight,  slender  |)edicel.  ninninf?  out  horizontally, 
and  terminal iii>;  at  the  distal  end  in  a  thick  laminar  expansion. 
I'he  Merile  x'^ments  are  the  l<inp.*r,  and  their  laminae  bear,  in 
each  case,  an  upturned  foliaceous  scale  as  wrll  as  a  shorter  and 
Mnuier  douiiMard  proIon>:ation '. 

K^ch  of  the  teriile  si'fsmeiits  ends  in  a  (lesliy  laminar  enlargement 
ntU  unhke  ihr  |H-liaie  Male  of  an  Kifuistium  or  a  Caiamosiackys, 
These  fertile  laminae,  uhich  are  protected  on  the  exterior  hy  the 
overlapping  ends  (tf  the  sterile  s<*ginent^,  bear  the  sporangia.  Four, 
|w-rha|M  in  >ome  casi-s  five,  s|K>rangia  are  atiacheil,  by  their  ends 
remote  from  the  axis,  to  the  inner  surface  of  the  |ieliate  fertile  lamina. 
1-laih  spfiranKiuin  is  ct)nnected  with  tlie  lamina  by  a  somewlMt  narrow 
tieck  (f  iis>ue  inio  which  a  va*<ular  bundle  enters.  The  sporangia 
are  of  ^'rrai  length,  aiiil  rxlend  Uuk  alonf^  the  {M^dicels  until  they 
nearly  oi  i|uiie  re.Kh  tlK*  axis. 

The  steril**  and  ternle  segment^  alternate  reguLirly.  one  above  the 
«ahrr.  in  the  sanit*  xcrtual  M*rie».  .S)  much  is  evident,  but  the 
({Uesticin  whuh  <*•  |;iiu-ni?i  are  fi-riile  and  which  sterile,  has  presented 
^'leat  diffiiultie\  fwmk'  to  the  f.u-t  that  the  iiame  segment  can  scarcely 
ever  l<*  tr.urd  (ontinuousl)  thr(iii>;hout  the  whole  of  its  long  courae, 
and  th.i(  till-  i^dueN  nt  sterile  and  Irriile  segnirnis  present  no 
(ni.*iMiii  iliotiru  !ur  4l.irj(!rrN  i'or  rraMiiis.  htl^^ever.  uhuh  will  )te 
fulh  i:i\<-ii  -.ii  .k  •'i:!>M-.|uittt  p.k|N-r.  1  ihink  it  huhly  irutuble  that  in 
f  at  h  ^i'C»r-i;  \:\\\  \\\r  ^»  ^-nn  !i!s  nl  th»'  i  u*f  ViW  are  Mfnle.  and  lh«»se 
of  \\ir  uff'f    ii  '-■  \*'.\\\*'    I  iili^::lul;n;;  tin-  «|N»ran;:i<>phi*re!k. 

I  hi'  ^i**  •tall  ^'1.1  .till!  \^'\u  •  !<^  .irr  .iji  p.i*  krd  ilfiM-i\  Iittfc^her  M)  a^  lo 
Inrni  .1  •  iii.'iiiuiMi^  !i..k«>o  1  \\i'  r\!f  rnal  siirt.u  c  <>l  ihr  cmie  \%as  com* 
j'Iririv  j.'iitfi'.t  1  l-\  1'^  ■!iMi!»!i-  iii\i*'tiiiiri-  t'f  !i  rtilr  an  I  *:rfilc  Uininae. 

1  Ik  h|.«<-«h  .in*  «•  .1  pn  -^i  \\r  \  in  varinit^  parti  nf  i)h*  i  niir.  an<l.  mi 
far  AS  '.\v.^  <»;  <•  :ri.<  ti  •>:.  iu«.  .irr  .i!l  •  t  i»:ir  k.n  ).  llii-:r  A\r\A^r  iliainrtrr 
lir;i,i,»  tic''-,  urn  At  il.t  li,i"»«  «»•  !lir  tiH»»*.  nhi  ff  niJi  r>>«|«orr<*.  if 
lhr\i\.Hri   !    I:.  .  h:  I.  r«:' .1  .\  N-  !i'».i.  .J  !i»r.  ;lii-  ^'^irr*  4t  of  tlir  %aiiie 

s./*     .1"   •  '.'•    y\.r%  **   ■    Vf       li*  I.     1!..  r.      IH    I.i-    •  \ !  !•  TJi  ••    i  if    h*  ^'O"!"  »f  > 
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The  spores  are  considerably  larger  than  the  microspores  of  the 
Leptdostrobi,  Those  of  the  Burntisland  Lepidostrobus^  for  example, 
are  barely  o«02  mm.  in  diameter.  The  spores  of  our  plant  approach 
in  size  those  of  Sphenophyllum  Datusoni,  or  the  microspores  of 
Calamosiachys  Casheana, 

The  sporangia!  wall,  as  preserved,  is  only  one  cell  in  thickness ;  it 
bears  no  resemblance  to  the  palisade<like  layer  which  forms  the  wall 
of  the  sporangium  in  Lepidostrobtis^  but  has  the  same  structure  as 
that  of  a  Calamosiachys^,  The  sporangial  wall  of  Sphenophyllum 
Dawsani  is  similar. 

The  anatomy  of  the  axis  of  the  cone  agrees  closely  with  that  of  the 
peduncle  above  described,  except  for  the  absence  of  any  secondary 
tissues.  The  wood  has  twelve  prominent  angles,  at  which  the  spiral 
tracheae  are  situated,  so  its  development  was,  no  doubt,  centripetal. 
The  inner  tracheae  have  pitted  walls,  and  are  intermixed  with  scattered 
parenchymatous  cells,  imperfectly  preserved.  The  phloem  has  entirely 
perished. 

The  most  interesting  anatomical  feature  is  the  course  of  the  leaf- 
trace  bundles,  which  can  be  followed  with  the  greatest  exactness  on 
comparing  sections  in  the  three  directions. 

A  single  vascular  bundle  starts  from  each  angle  of  the  stele  for 
each  sporophyll,  and  passes  obliquely  upwards.  When  less  than 
halfway  through  the  cortex,  the  trace  divides  into  three  bundles, 
one  median  and  two  lateral.  The  lateral  strands  are  not  always  both 
given  off  exactly  at  the  same  point.  A  little  further  out  the  median 
bundle  divides  into  two,  which  in  this  case  lie  in  the  same  radial 
plane,  so  that  one  is  anterior,  and  the  other  posterior.  The  median 
posterior  bundle  is  the  larger,  and  before  leaving  the  cortex  this,  in 
its  turn,  divides  into  three.  There  are  now  six  branches  of  the 
original  leaf-trace,  three  anterior,  and  three  posterior,  which  respec- 
tively supply  the  lower  and  upper  lobes  of  the  sporophyll.  The  three 
segments  of  the  lower  lobe  are  supplied  by  the  two  lateral  bundles 
first  given  otf,  and  by  the  anterior  median  bundle,  while  the  upper 
segments  receive  the  posterior  median  bundle  and  its  two  lateral 
branches.      In  the   base  of  the  sporophyll  all  six   bundles  can  be 

*  Sec  Weiss,  Steinkohlen-Calamarien,  Vol.  ii,  1884,  Plate  XXIV,  Figs.  3,  4, 
and  5 ;  Williamson  and  Scott,  Farther  Observations  on  the  Organization  of  the 
Fossil    Plants    of    the    Coal-measures,    Part    I,   Phil.  Trans.,    1894,    Plate   81, 
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clearly  seen,  in  tangential  sections  of  the  cone,  three  above  and  three 
below.  As  the  segments  become  free,  one  bundle  passes  into  each, 
and  runs  right  through  the  pedicel  to  the  lamina.  In  the  fertile 
lamina  the  bundle  subdivides,  a  branch  diverging  to  the  point  of 
insertion  of  each  sporangium. 

One  of  the  longitudinal  sections  passes  through  the  base  of  the 
cone,  so  as  to  show  part  of  the  peduncle  in  connexion  with  it. 
In  this  peduncle  secondary  wood  is  present,  just  as  in  the  separate 
specimen  belonging  to  the  Williamson  Collection.  Higher  up  in 
the  axis  of  the  cone,  where  the  sporophylls  begin  to  appear,  the 
secondary  wood  dies  out.  This  evidence  materially  confirms  the  con- 
clusion that  the  Williamson  peduncle  really  belongs  to  our  strobilus. 

Diagnosis, 

It  is  evidently  necessary  to  establish  a  new  genus  for  the  reception 
of  this  fossil ;  the  generic  name  which  I  propose  is  Cheirosirobus, 
intended  to  suggest  the  palmate  division  of  the  sporophyll-lobes 
(x«*p,  hand).  The  species  may  be  appropriately  named  PetfycurensiSy 
from  the  locality  where  the  important  deposit  occurs  which  has 
yielded  this  strobilus  and  so  many  other  valuable  specimens  of 
palaeozoic  vegetation.  The  diagnosis  may  provisionally  run  as 
follows : — 

Cheirostrobus^  gen.  nov. 

Cone  consisting  of  a  cylindrical  axis  bearing  numerous  compound 
spwrophylls,  arranged  in  crowded  many-membered  verticils. 

Sporophylls  of  successive  verticils  suf)erposed. 

Each  sporophyll  divided,  nearly  to  its  base,  into  an  inferior  and 
a  superior  lobe;  lobes  palmately  subdivided  into  long  segments,  of 
which  some  (probably  the  inferior)  are  sterile,  and  others  (probably 
the  superior)  fertile,  each  segment  consisting  of  an  elongated  stalk 
bearing  a  terminal  lamina. 

Laminae  of  sterile  segments  foliaceous ;  those  of  fertile  segments 
(or  sporangiophores)  peltate. 

Sporangia  large,  attached,  by  their  ends  remote  from  the  axis,  to  the 
peltate  laminae  of  the  sporangiophores. 

Sporangia  on  each  sporangiophore,  usually  four. 

Spores  very  numerous  in  each  sporangium. 

Wood  of  axis  polyarch. 

C.  Peitycurensis,  sp.  nov. 
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Cone,  3-4  cm.  in  diameter,  seated  on  a  distinct  peduncle.  Sporo- 
phylls,  twelve  in  each  verticil. 

Each  sporophyll  usually  sexpartite,  three  segments  belonging  to  the 
inferior,  and  three  to  the  superior,  lobe. 

Spwrang^a  densely  crowded. 

Spores  about  0*065  mm.  in  diameter. 

Horizon :  Calciferous  Sandstone  Series. 

Locality:  Pettycur,  near  Burntisland,  Scotland.  Found  by  Mr, 
James  Bennie,  of  Edinburgh. 

Both  generic  and  specific  characters  are  manifestly  subject  to  altera- 
tion, if  other  similar  fossils  should  be  discovered.  In  the  meantime 
the  above  diagnoses  are  given  in  order  to  facilitate  identification. 

Ajfinities, 

Any  full  discussion  of  affinities  must  be  reserved  for  the  detailed 
memoir,  which  I  hope  to  lay  before  the  Royal  Society  in  a  short  time. 
At  present  only  a  few  suggestions  will  be  offered. 

The  idea  of  a  near  relationship  to  Lepidostrobus — so  specious  at 
first  sight — is  negatived  by  accurate  investigation.  There  may  have 
been  a  certain  resemblance  in  external  habit,  as  there  is  in  the 
naked-eye  appearance  of  the  sections,  but  this  means  nothing  more 
than  that  the  specimen  is  a  large  cone,  with  crowded  sporophylls 
and  radially  elongated  sporangia.  The  only  real  resemblance  to 
Lepidostrobus  is  in  the  polyarch  strand  of  primary  wood,  but  even 
here  the  details,  as,  for  example,  the  structure  of  the  tracheae,  do  not 
agree.  In  other  respects  the  differences  from  any  Lepidodendroid 
fructification  are  as  great  as  they  can  be. 

I  do  not  doubt  that  the  genus  with  which  Cheirostrobus  has  most 
in  common  is  Sphenophyllum ,  The  chief  points  of  agreement  are  as 
follows : — 

1.  The  superposed  foliar  whorls.  This  certainly  agrees  with  the 
vegetative  parts  of  SphenophyUum,  and,  according  to  Count  Solms- 
Laubach,  the  superposition  holds  good  for  the  bracts  of  its  strobili  also*. 

2.  The  deeply  divided  palmatifid  sporophylls,  agreeing  with  the 
leaves  of  various  species  of  Sphenophyllum,  e.  g.  ^S".  tenerrimum. 

3.  The  division  of  the  sporophyll  into  a  superior  or  ventral,  and 
an    inferior    or    dorsal,    lobe,    agreeing    with    the    arrangement    in 

*  Bowmanitfs  Romeri^  eine  reue  Sphcnophylleen-Fructification,  1895.  p.  242. 


Spheni»phyilum  Dausom\  or  S.  %uneifolium^  according  to  M.  /ciller'k 
interprrtation  *. 

4.  The  dilTorentiaiion  of  the  sporophyll  into  sterile  sef^inents 
(hracts)  ami  fortiic  segments  (s|>orani;iophores).  The  comparison 
with  Sphin^phylium  i>  much  strengthened  if,  as  I  ))elieve  to  be  the 
ta-e,  thf  M-^mi-nts  of  ih»*  inft-rior  IoIk*  in  Cheiroshrohus  arc  sterile, 
and  those  of  the  superior  lol)e  fertile. 

5.  The  repiMtid  suUli vision  of  the  leaf-trace  vascular  bundles,  in 
]»aviing  through  the  lortex  of  the  axis*,  as  in  SphenophyUum 
Supluimnu . 

6.  I'he  .itt;uhment  of  ihe  s|»oran^ia  to  a  laminar  ex|»ansion  at 
the  distal  end  of  the  <^|ioran>*u»phore.  As  rrgards  this  |M»int,  com- 
parison should  Ih*  made  with  the  B*m'miinites  R%*meri  k\\  Count 
Solms-I^iuhath  doe.  cii.). 

7.  The  structure  of  ilte  s|K>raii^i.il  wall. 

I  think  that  the  >m\\\  of  these  characters,  to  uhich  others  might  be 
tilded.  juMihes  ihf  su^'^fsiion  ihat  ('hfirt^inthks  may  be  pr(i\iaional]y 
pUied  ui  the  huuh*  phylum^  or  main  divisicin,  of  Pteridophyta  Hith 
SphenophyUum,  tliDii^h  Muluaiums  of  |Kis>ihle  alhnuies  in  oilier  direc- 
tions jii*  hot  uair.iiiLT.  and  uill  W  diM  u^M-d  on  another  odasion. 

i'htifoxtf^'f'k*,  e\in  niorr  than  Sp'henophYii»im  itself,  ap^iears  to 
(ombme  rjlani.iiiaii  uiih  l.>(0)K>dijieous  charat  Icrs,  and  nnght 
nasoiialil)  U*  rr^.iri!f-d  an  a  hi;:hly  s|K't  iahzed  repreM-niative  of  an 
ancient  ^'ri>iip  ot  pLiiitN  Uiiik'  at  the  (oinnhin  ha^c  <il  tin-Mr  tutt  M*rieH. 

It  a|>;>«.ii^  liki '.\  ti..i:  in  ('hti9.  \:9.J-u^  ohr  ot  thoM*  jiUluioiial  luriiis 
ol    I'li.K    /■••      1  iv}t'/   11.".    .ii!>'V%iii^    i.f    •  I >;iij  aii'^iii    Willi    .S*fs4n 
fh\,.'u''i    l.a*>    .1  'i).i..\    !•  •  II    l*ri>t.w'i(   (o  iij    :,    ;lii-  ii:«iMVt-t\    oi   ^«hiih 
Pr    \\  .1.:  iTii*>-  It   ..'1  1    I  Vf-i.'iir>i!   :ii   atiMi  i|>.itr  a*.  :.ifi!ii<»i    i>l   fiir   tir^t 
jitii  \  iij>  rii-  >ii 

NOTK  ON  TllK  DIHCOVKKY  OF  MYCOKlllZA  In  :iir 
]•  :.4S.:- :.»•  /•  .ur-^:  .'■■r  i-'Sf,  W.il.jluij  ^-ai-  ij-.  i^\)  ;h'-  t  arly 
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erste,  der  sie  im  Rhizom  von  Neottia  nidus  avis,  Rich.,  fand.'  He 
quotes  the  first  volume  of  the  *  Grundzlige.'  The  first  edition  of  this, 
which  I  have  not  at  hand  to  refer  to,  was  published  in  1842.  The 
second  edition,  which  appeared  in  1845,  was  translated  by  Dr.  Lankester. 
Schleiden  describes  (p.  91)  *  fibres'  which  he  observed  in  the  cells  of 
the  subepidermal  tissue  of  the  roots.  He  concludes  by  remarking : 
*  With  respect  to  the  real  character  of  these  peculiar  formations,  I  have 
nothing  at  all  to  observe.' 

An  earlier  account  of  the  now  well-known  occurrence  of  Mycorhiza 
in  Monotropa  Hypopitys,  &c.,  is  by  an  English  botanist,  Edwin  Lees, 
and  is  contained  in  a  botanical  journal  since  extinct,  the  Phytologist 
for  December,  1841.  He  gives  what  seems  to  me  a  pretty  clear 
account  of  the  external  phenomena  : — 

'  The  whole  mass  (of  the  roots)  is  obscured  with  a  hirsuture  that 
appears  like  a  byssoid  fungus.  These  hairy  fibres,  however,  appear  to 
me  to  be  really  part  of  the  economy  of  the  plant,  imbibing  nutriment 
from  the  rootlets  of  the  Beech,  to  which  they  are  closely  affixed,  and 
conveying  it  to  the  succulent  radicles  of  the  Monotropa^  with  which 
they  are  also  connected '  (p.  100). 

This  paper  gave  rise  to  an  interesting  discussion  in  which  a  number 
of  botanists  took  part,  including  Wilson  the  bryologist,  and  Newman, 
the  accomplished  monographer  of  British  Ferns,  who  had  the  assistance 
of  Quekett.  Newman  concludes :  *  The  byssoid  substance  .  .  . 
I  believe  to  be  an  intrinsic  and  most  essential  portion  of  the  Monotropa^ 
and  is  ihe  part  to  which  I  have  applied  the  term  root '  (p.  298). 

In  the  number  for  October,  1842,  there  is  an  important  paper  by 
Thos.  E.  Rylands,  which  seems  to  me  to  have  been  entirely  overlooked. 
He  arrives  at  *  the  opinion  that  the  "  byssoid  substance "  is  really 
fungoid,  and  performs  no  essential  function  in  the  economy  of  the 
Monotropa'  The  curious  thing  is  that  he  examined  the  roots  of 
other  plants,  and  remarks :  *  The  really  fungoid  matter  found  on  the 
roots  of  Groundsel,  Epilobium,  Plantago,  &c.,  had  so  much  re- 
semblance  to  the  substance  in  question,  that  it  would  be  difficult  by 
words  to  render  the  difference  appreciative.'  After  consulting 
Mr.  Berkeley  as  to  the  affinities  of  the  fungus  found  on  Monoiropay  he 
describes  and  figures  it  as  Lygodesmus  Berkdeyi. 

Here  the  story  stops  as  far  as  England  is  concerned.  But  it  seems 
to  me  interesting  to  bring  it  into  notice.  It  is  a  good  illustration 
of  the  fact  that  accurate  observation  of  even  insignificant  facts  may 
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cumIv  hriiij;  one  f.u'c  to  I'acr  Mitli  iin|M)rtant  anvl  un^^usiiccieii  iliscovcries. 
The  time  was  not  n\\e  for  the  full  appreciation  of  what  those  acute 
inquirers  ha<l  under  ilieir  eyes.  Thjit  required  a  grasp  of  the  theory 
of  svmltiosis  which  had  not  arrived. 

It  is  A  curiou*^  i  ircumsiance  that  on  the  Continent  the  lutlle  of 
priority  has  already  l)een  fou>;ht  over  Aftmo/ro/iii  Hyf^opitys.  Woronin 
in  1H85  (UerichL  d.  D.  Hot.  (vesellsch.  iii.  206)  says:  *  Alle  PrioriUis- 
rechte  in  der  Fra^e  "  Uber  die  auf  Wurzelsymbiose  lieruhende 
Ernskhrun^  f^ewis*>er  Hiume  durch  unterirdische  Pilze"  mttssen 
demnach  nichi  llt*rrn  B.  Frank.  Mxulorn  Herm  Fr.  Kamienski 
zugeM:hrii'tH.*n  werden.' 

Kamien&ki  in  fact  ilescribes  the  mvcelial  investment  of  the  roots  of 

m 

Monoiropa  in  tin.*  Hoianischc  Zeitung  for  1881  (p.  459).  Bui  his 
fuller  account  was  given  in  the  following  year  in  a  (taper,  Les  organes 
v^'tatifj  (iu  M*motrop*i  /fy/Ht/ii/ys ^  fti..  published  in  the  Memoires  de 
la  Socieu'  Nation  lie  des  Sciences  NaiurelleN  et  Math^m.  de  Cherliourg, 
I.  XXIV.  He  Mvs  : — *  Touies  les  parties  le>  plus  actives  de  la  racine  .  •  . 
Aont  reirouveites  dune  c  luchr  (.'laiw*  et  den!»e  <run  mycelium  qui  ne 
permet  )kis  aux  ra*  i^r^  d'avoir  un  lontact  direct  avec  le  sol.' 

.\fter  minutely  «l(*scribmg  the  mytelium.  he  proce«iiM — 'Cetie 
relation  ^iranjr  cntie  lo  « h.impignoii  et  le  Monoirof^i  n'est  pas  un  fait 
uni4|ue  ct  i<»ole  dans  1 1  naiure.  Noun  (>ouvons  le  ranger  avec  d'autre^ 
faits  iiemblahlt's  .lutqui-U  M.  ili*  Bary  a  donn<f  la  di^nomination  de 
^vm!»ioM- 

DrutU'  111  \^i  \  .ijip'MiN  .iIm)  :o  havr  o'>serve  I  mycrlium  in  the 
ri»ii:s  t»l  Mtt'it  /■/.  .in<l  t>  h.ivi-  :houk;hi  :i  iilrnlical  ^\\\\  :ha:  \\x\X 
fil»<«rvrd  l«in*r  .i>;o  h\  S.  hlnlfii  :n  X'"fft.i  Bu:  I  hivr  n<K  ha  1  iIh* 
i>p)ortuntt\  (il  I  •>ii'<iil::ng  his  )i.i)icr. 

W.    I     TIIISKLTON  DVKR. 

/*'■;./;/.  >ii\*  *  \'i.r  .i!n)\«-  >*a««  111  ;\|M-.  1  l.a\'  ii»u!id  iiu:  tin* 
Fii^'ii  il  .iu:hiir*  A),iiin  I  %i'.r  .111-  iii«ntitinr<)  in  'hf  \ct\  iiitiipirte 
I'iMn v?  i|.f,\  1  I  Mv.iiri. /.I  ^'i-.i  II  \*\  ^ar.iuw  m  :ln-  Bo:4iii<.k   l'i<l«*ik:ift, 

\'«»l     \.i:s    |i    J  47.    l-v.'-J       I    .1111    ili<lrl>:r  !    In    Mr     TiTi  v    *irinini    f'»r 
fjf    II  s  rrri.  r  ■•  ■  :r    -   \.i\t*  • 
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With  WoodcuU  3,  4.  and  5. 


-—- 


WIIILK  collecting  Myxomycctcs  in  woocU  near  Ann 
Arbor,  Michigan,  in  OctolxT,  1H9/;,  a  quantity  of 
yellow  sclcrotium  of  a  slimc^moukl '  was  found  and  taken 
to  the  botanical  laboratory  for  study.  In  a  few  days  it  |>assed 
into  the  Plasmodium  condition,  and  since  that  time  continuous 
experiments  have  l>ecn  made  relative  to  its  phyniolo^ical 
pro|)ertiis.  The  u<>rk  on  ihcotropism  and  chani^es  induced 
by  varying  tcin)MTatuic  is  measurably  complete,  and  the 
results  Ml  tar  new  as  to  u  at  rant  piililuation.  \\  «rk  on  chem*>- 
taxiN  is  in  ))rf).;rrss.  hut  has  n^t  Ixrn  carried  t.ir  enough  to 
establish  ^;riKral  conclusions. 

It  \%as  1<  und  that  the  sclefi  tiuni  cm  Im*  iniiucid  to  assume 
the  ait:vi'  pl.i'^iniKiiuni  Condition  by  neuly  >uppl\  in^  it  uith 
abun(!ant  ti:i>istiiic.  It  this  in  ilonr.  the  substance  may  be 
plaied  in  .1  u.iiin  or  ii»!d  kh  in,  in  the  dark  <  r  in  tlu*  li^ht. 
H.th.pul    .ippaienl    tttcct.       In    iviry    case.  al>«ut    «»ne    uiek 

'  P.r  w  Tft  «  1  '  :  ■  ;:.  "  •  •  ■  •  !■  1  ■ !  I  1!  ;at-  ft  •  f  '*.c  I'l  i»«  !•.!*  !  Mlchl|;Ar, 
tr.''f  r  !i  c    "i't   t.  -f.  '■!  I  :■:«*»'  r    \      ^t     *"!  a'l*.:  ^;, 

*  Iri  1-4  .11  .1  Aj  ;  iii'i%  /  u.i^  i.;*(^M  >«nnrricl-!  \ikj^ttum  i*f:%.um, 
\  k  ^  '  1  '  A>  :^  !■  ^t.  ir  It  Ml.  ht «  I  •  *  \t\  '  \r  .  •  !-*.aii<c«!  if.  •  w  tu  •  i<l  ibttLic* 
call  I.    1!  1^  ti. -  ■  .:.'    II.   \.\\.%    .*.*  \   t  i.t.' «   I  jt.iii-<  \^  }  t4itt<rti  iBttrtot. 
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elapses  before  spreading  begins.  The  plasmodium  will  live 
for  an  indefinite  period,  several  months  at  least,  if  kept 
sufficiently  moist  and  clean.  But  if  fresh  water  is  not 
frequently  supplied,  and  the  substratum  changed,  it  soon 
spoils,  a  certain  disagreeable  odour  and  a  reddish-brown 
colour  being  an  indication  that  this  condition  is  coming  on. 
There  is  now  (July  i)  in  the  laboratory  plasniodium  which 
has  been  spreading  since  the  5th  of  January  last.  For  the 
past  three  months  no  food  has  been  given  it  but  water,  and 
it  has  no  doubt  been  nourished  by  the  microscopic  Fungi 
and  Algae  growing  in  the  rotten  wood  upon  which  the  Plas- 
modium has  been  kept. 

Rheotropism. 

Concerning  rheotropism  of  plasmodia,  the  only  original 
work  thus  far  published  is  that  of  Strasbui^er,  Jonsson,  and 
Stahl.  In  1878,  Strasburger^  discovered  that  plasmodium 
will  move  against  a  current  of  water  in  the  substratum. 
In  1883,  Jonsson*  observed  this  property,  and  gave  it  the 
name  of  positive  rheotropism,  and  in  the  following  year 
StahP  corroborated  Jonsson-s  work  and  adopted  his  term. 
But  in  none  of  this  work  was  there  an  attempt  to  measure 
the  force  of  the  current  against  which  the  plasmodium  will 
move,  or  to  eliminate  the  possibility  of  the  movement  being 
induced  by  a  search  after  food  contained  in  the  water. 

A  series  of  carefully  repeated  experiments  have  proven 
that  the  plasmodium  employed  in  this  study  will,  when  kept 
at  a  uniform  temperature  and  removed  from  the  influence 
of  light,  constantly  advance  against  a  current  of  distilled 
water ;  and  furthermore,  if  two  currents,  one  of  distilled  and 
one  of  hydrant-water,  are  caused  to  flow  against  it,  the 
substance  will  as  often   flow  against  the  one  as  the  other. 

*  Strasburger,  Wirkong  des  Lichtes  and  Warme  auf  die  Schwarmsporen,  p.  71, 
Jena,  1878. 

*  Der  richtende   Einfloss  stromenden   Wasscrs   auf    wachsende   Pflanzen   und 
Pflanzenthcile  ^Rheotropismus),  Ber.  der  deutsch.  Lot.  Gcs.,  Bd.  i,  p.  512,  1883. 

'  Zur  Biologic  der  Myxomyceten,  Bot.  Ztg.,  p.  144,  1884. 
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In  ascertainiat;  the  latter  fact,  a  strip  of  blotting-paper,  cut 
u  indicated  iti  Woodcut  .},  had  the  united  lower  ends  placed 
in  contact  with  the  Plasmodium  which  was  spreading  upon 
wood.  One  arm  of  this  syphon  was  placed  in  distilled,  the 
other  in  hydrant-watvr.and  in  repeated  trials  the  plasmodium 
showed  no  chuice  between  the  two  currents,  so  that,  every 
other  factor  being  eliminated,  it  can  be  suted  positively  that 


this  m<<\('inini  <>l  j>la.sm<>iliiim  is  ilu«-  t"  ilitiilr<i|ii''m  alone, 
and  n<it  tn  MiS-tuu'ts  i-'>nt.iinid  in  (he  u.ilii  -itpplit-d  In  it- 

I-«it    the     rsicMtn.  lit-    .l«-.i-liol    t.-    ti    I     the    I.t..-    iif   ihv 
current  .i):.iitii:  v(1i,.ti  thi-  |>!.iMii'-«hiiui  i"  i>-  -iiiv>!y  rhiuttojiii-, 

WlHxi     U|1<'I1     hIkiIi     llir     sllUkl.lIlK-    W,|N     «l(Tl>III.:    U.1%    !IU>|lfIul(-tl 

M>  th.i(  tl.r  )..>  [:..xl:iini  j'j't  •.kimiiirti  tlu  -wWtr  of  the 
watt.T,  hIiiiIi  i»  --tl.it>!*  tillid  A  t^Ij^"  I'-in  it:i)c  inchv^  in 
dijineier.       I  In-    [i.in    u.is   i.iii'>i-il   (••   tev'-Ur   with   uniform 
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rapidity^,  thus  creating  a  current  as  the  water  struck  the 
wocxl,  which  was  placed  well  to  one  side.  Up  to  six  revo- 
lutions per  minute  the  plasmodium  moved  against  the  current, 
but  if  the  number  of  revolutions  was  increased  to  seven  it 
moved  with  the  current,  i.e.  became  negatively  rheotropic. 
If  the  number  was  increased  beyond  seven,  it  crept  up  entirely 
out  of  the  water,  as  if  to  protect  itself  from  being  swept  away. 
There  is  in  these  movements  a  remarkable  evidence  of  the 
extreme  sensitiveness  of  naked  protoplasm,  exhibiting  as  it 
does  positive  rheotropism  up  to  a  certain  point,  beyond  which 
it  would,  if  cohtuij^ing  this  habit,  be  in  danger  of  being  torn 
from  its  substratum,  and  just  when  the  danger-point  is 
reached,  being  possessed  of  sufficient  sensitiveness  to  enable 
it  to  move  out  of  harm's  way.  But  so  unerringly  did  this 
power  show  itself,  that  there  is  no  doubt  of  its  existence. 

Thermotropism. 

In  conducting  the  experiments  upon  thermotropism,  the 
apparatus  shown  in  Woodcut  4  was  employed.  It  consists 
of  a  copper  tank,  18  in.xi8  in.,  having  upon  each  of  its 
three  sides  niches,  into  which  are  fitted  zinc  boxes,  so  that 
three-fourths  the  length  of  a  box  projects  beyond  the  tank. 
Each  box  is  divided  into  compartments,  the  first  partition 
passing  along  a  line  even  with  the  side  of  the  tank,  the  second 
at  the  same  distance  from  the  outer  end.  Each  compartment 
is  provided  with  openings  in  the  lid,  which  can  be  closed 
by  means  of  corks.  The  outer  one  has  an  opening  on  the 
front,  near  the  top.  The  tank  is  filled  with  water,  and  heat 
applied  by  a  gas-flame  placed  underneath.  A  stream  of  cold 
water  is  made  to  flow  through  the  outer  compartment  of  the 
box,  the  surplus  being  carried  away  through  the  opening  upon 
the  front.  By  means  of  this  apparatus  a  uniform  difference 
of  temperature  between  the  two  ends  of  the  middle  com- 
partment can  be  maintained. 

*  This  apparatus,  as  well  as  that  employed  in  the  experiments  on  thermotropism, 
was  devised  by  Professor  F.  C.  Ncwcombe  of  this  laborator}*. 
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]*Iasmo()iiini  pliiL-ed  in  this  ci>m)>ar1inciit.  with  the  healed 
end  ran^infr  from  i,>  to  iK'  C.,  antl  the  cold  end  from 
|6  to  iN  C,  C'>uld  be  observed  to  constantly  stream  toward 
thi:  higher  tentiicraturc'.  Shutting  off  the  Cold  water,  and 
placin};  the  plasmodiiim  cIom:  to  the  heated  end  of  the  box, 


..ll.iin..l       Wh.n   tlu    t<m- 

!ii.:  -i.-i.-.  til.    ti.  It  III:  111.- 
,1,!   -.4  t  ■,     n-    l.MM,■,^: 
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in  each  case  was  sudden  and  decided,  and  a  rapid  creeping 
movement  away  from  the  heat  took  place.  The  plasmodium 
must  in  all  this  work  be  kept  well  supplied  with  moisture, 
else  it  either  dies  or  assumes  the  sclerotium  form.  These 
facts  may  be  taken  as  another  evidence  of  the  extreme  sensi- 
tiveness of  the  organism  and  its  power  to  protect  itself  against 
unfavourable  conditions. 

Raising  the  temperature  by  means  of  an  additional  flame 
applied  directly  under  the  box  used,  to  about  48°  C,  was 
followed  by  a  cessation  of  all  apparent  movement ;  and  upon 
raising  it  still  higher,  it  was  found  that  the  plasmodium  dies 
from  a  very  short  exposure  to  a  temperature  of  ^'^S'^  C. 


Woodcut  5. 


Results  obtained  from  other  Temperature-changes. 

After  trying  various  contrivances  for  microscopic  exami- 
nation of  the  behaviour  of  plasmodium,  the  following  was 
found  most  satisfactory :  a  glass  slide,  3  in.  x  2  in.,  and  a 
cover-glass,  2  in.  x  2  in.,  were  separated  by  a  double  layer 
of  blotting-paper  one-fourth  of  an  inch  wide,  as  shown  in 
Woodcut  5.  In  this  way  a  small  cage  is  formed  sufficient  to 
contain  the  necessary  moisture,  and  as  the  plasmodium  is  not 
in  the  least  geotropic,  the  thin  glass  with  the  plasmodium 
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spreading  u]M>n  it  can  be  kept  uppermost,  and  so  brou(;ht 
near  the  objective  To  transfer  the  Plasmodium  tt^  the  {^las^ 
a  portion  was  separated  from  the  mass  by  cutting  the  strands 
across  and  then  Io<^sening  it  from  the  substratum  with  a  soft 
camelVhair  brush.  In  order  that  it  may  have  time  to  recover 
from  the  sh(<:k  of  the  transfer,  and  become  well  spread  out  it 
is  best  to  do  this  the  dav  before  it  is  needed  for  use. 

One  of  these  ca^jes  placed  upon  the  stajje  of  a  microscope 
contained  in  an  apparatus  similar  to  Sachs*  warm-chamber '. 
gives  excellent  op{)orlunity  for  observing  the  plasmodium 
and  noting  any  changes  in  currents  or  position. 

The  space  surrounding  the  well  containing  the  microscope 
was  packed  with  snow  and  s«'dt.  and  a  tem|xrrature  of  from 
—  1  to  —  ^  C.  could  thus  be  easily  attaineil.  Down  to  abi>ut 
r  C.  there  was  no  change  from  lowering  the  tem|)erature, 
cither  in  position  or  rapidity  of  the  currents.  Kut  from  this 
|K)int  to  about  —  1  C  there  was  a  gradual  slowing  of  the 
currents,  and  Ix-tviecn  —1  and  —  ,)*  all  movement  stop|)cd. 
If  the  exposure  to  this  Kilter  Ci»ld  were  but  ft»r  a  few  minutes, 
the  currents  would  so<»n  .start  if  the  tem|)erature  were  raised 
to  \  -1  ('. :  but  if  the  exi>osurcs  were  made  ft>r  an  hour, 
in  n**  ease  was  it  possible  \k\  revive  them.  So  it  apfKMrs  that 
while  a  tempt  r.itufe  of  fr^m  -  2  t*»  — .?  ^'-  d<ies  n«»t  instantly 
kill  this  pl.iMnMliiitii,  it  will  do  so  if  the  pl.isniodium  is 
exp  -Mil  t"  1!  i"'f  .my  1<  n^th  nf  lime. 

>■    MM  \KV. 

(  "lui  riiiri/.  till  Mtr<>pisin  it  is  tiiii!ii!  th.it  tip  l<i  a  irrt.iin 
p  int  tin-  ji*  i-.tn  liuin  i-  )»i>Mii\(-!v'  tin-  'ti'iiii  ,  but  th.it  .1  very 

sllj;hl      iHi  It    i-<       in     tllr      N«fiU.;lh     'it     tht      tUlHtll     t  .llls4-!*    It     ti» 

liTi'iiin  r.(\;.i!i. '  !y  ^■■.  .iiid  tli.it  .my  i  ■ 'i\s:ii.  r  iMr  iiii  hmm'  in 
th«-   «itr- :\;:h   .f   tli*    i.ijumI   i  .m  ■<•  •  it   to  in  'vc  rritu"  ly  a\%.iy 

ffif:!  tl.i  \\.\\\\  \\  \\  till  «ilii  Nti.ifi  ..|  \vli\  till-  ii!;'..l!i:«Mn  ll.ls 
t.ikf  n    ii-j    t!  I     lj.i'»:t    "■!    ;'-i!i\i     tin  ■ -ti.j-is::!    is    n.virilcd    as 


.     '  .    '■ 


■  ■ 
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unanswered ;  Stahl's  explanation,  to  the  effect  that  it  has 
found  tliis  a  convenient  way  of  reaching  the  surface  when 
aroused  by  warmth  and  moisture,  seeming  inadequate  to 
account  for  the  facts,  and  no  other  than  this  has  as  yet 
been  proposed. 

Concerning  thermotropism^  it  is  found  that  the  plasmodium 
will  live  in  an  atmosphere  ranging  from  —2°  to  52^-53°  C, 
and  that  it  remains  positively  thermotropic  up  to  33°-34**C., 
but  becomes  n^atively  so  above  that  point.  In  both  sets 
of  experiments  we  find  additional  evidence  of  the  universally 
observed,  but  unexplained,  sensitiveness  of  naked  protoplasm, 
coupled  with  a  remarkable  power  to  protect  itself  when  placed 
in  unfavourable  conditions. 
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With  PUtem  X  and  XI. 


IN  the  first  part  of  thin  pa|>cr  I  described  the  three  nuclear 
divisions  which  take  place  within  the  enibr)'o.!(ac  of 
I.  ilium  Marttij^ofi  and  form  the  nucleus  of  the  ovum  there. 
The  reasons  which  led  me  to  undertake  a  fresh  examination 
of  m.iteri.d  f«-n*lrre<I  da Nsica!  by  previous  resi*arch  will  Ixr 
fi»unil  .4t  xhv  lM'.Mnnin;^  *^f  that  part.  My  *»bieet  was  to 
ex.irniiH-  <•  n  li  nl  those-  tljref  mu)«\ir  ;;ener.il  •►ns  willi  the 
sifi«^;I«  aifn  o!'  dcti  rininin^  whdhiT  thf  rr  was  ^rountl  fi»r 
tht*  Ixlicf  th.it  .iiu  <wie  ••!  the  nui  lei  in  that  m  rirs  was  fornud 
<'f  ihroiii«»sonu*^  di  !i\rtl  t'r«  »ii\  thi»s<-  of  the  prcvii>iis  ^ener.ition 
li\  lrai5s»i  iM-  iUnJi.!!  I  )r  llat'ckcrs  hypothesi^.  \\ii:ih  I  luve 
<!is.  usNfl  <  UrwlitTc-  if.  p|»  44',  i^  M,  fit  ina'uls  th.it  file  •»?  the 
thr«  I  iMclri  in  iju'-ti  It  sImuIiI  Ik*  so  iiuiiuil'  It  turther 
deniin'U  th.it  ii)  tin*  p.ii.illrl  mtk"*  oi'i'nii  nil.  !c-.ir  ^;ent-r.ition!i 
\%li:ch    t<*ii:.in.it(-s    in    \\\v    li*ini.iti>>n    ••!    tlie    in.de    pn'fiiulcus 

I  ;        »!.      I  I'    ir!i  •  .."I    ■  ■    I   I''    I      I    *■  .1   ,  i|  «  r .    \:  -1  i'.»  «»l   !»■  ''anil  . 

'     !  •:     \      III       »  ■  •       I     r     t   •       .    •     ■  .    It'    t  .•     I    *ir   ■■(.  I  Mitt)    \    i.i    \\a   VkU«I  I'clii  At 

■  :«..      .   .  •  .  J   .'J   i.ii.   \   ;.;:.    .J  U.«4   \.  \\,  is,,5 
:AnsaUor  Hulany   V.il  .XI.  No   XMI   Jmm.  Ita*. 
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within  the  pollen-tube  a  similar  transverse  fission  of  chromo- 
somes should  occur. 

My  observations  on  the  oogenesis  of  Liliunt  Mariagon 
give  no  support  to  this  view.  They  confirm  the  conclusion 
of  all  previous  observers  in  showing  that  the  chromosomes 
of  each  generation  are  formed  by  longitudinal  fission  from 
the  parent  chromosomes.  I  have  now  concluded  a  corre- 
sponding set  of  observations  on  the  spermatogenesis  of  the 
same  plant.  Here  again  we  have  a  series  of  nuclear  gene- 
rations to  be  examined  so  closely  that,  if  a  transverse  fission 
of  chromosomes  should  really  take  place  in  any  one  of  them, 
the  signs  of  it  may  not  escape  observation. 

So  minute  an  inquiry  into  the  details  of  karyokinesis  as 
that  required  for  this  purpose  cannot  fail  to  furnish  evidence 
on  such  general  questions  as  the  relation  between  nucleus 
and  cytoplasm^  the  function  of  the  nucleolus,  and  so  forth. 
But  one  general  result  obtained  from  comparison  of  the 
spermatogenetic  with  the  oogenetic  series  requires  special 
mention.  The  first  karyokinesis  of  either  series  differs  in 
so  many  details  from  those  which  succeed  it,  that  it  may 
be  said  to  present  a  different  type  of  nuclear  division. 
Professor  Farmer  has  already  pointed  out  the  difference 
between  the  first  and  second  nuclear  divisions  in  the  pollcn- 
mother-cell  of  Z /////;«,  applying  to  them  the  zoological  terms 
heterotype  and  homotype'.  How  far  this  nomenclature  is 
justified  from  a  zoological  standpoint,  I  am  not  competent 
to  determine.  But,  using  the  words  strictly  in  the  sense 
suggested  by  their  etymology,  they  seem  to  me  peculiarly 
applicable  to  the  case  o{  Lilinm  Mariagon,  The  second  and 
third  divisions  of  the  micropylar  nuclei  in  the  embryo-sac 
of  that  plant  follow  the  vegetative  type  of  karyokinesis 
(I,  p.  468).  This  is  quite  evident  when  Figs.  30  and  42  in 
Part   I   are   compared   with   Fig.  6.      The   nuclear  divisions 

*  J.  B.  Farmer,  Ueber  Kerntheilung  \\\  Lilium-Aiilheren,  &c.,  Flora,  1895, 
Heft  I.  See  also  Farmer  and  Moore,  On  the  essential  Similarities  existing 
between  the  heterotype  nuclear  Divisions  in  Animals  and  Plants,  Anatomischer 
Anzciger,  xi,  1895,  Heft  3. 
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in  question  differ  from  a  vej^ctativc  division  in  the  number 
of  chromosomes,  and  in  no  other  respect.  They  may  properly 
be  called  homotype.  The  same  term  is  e(]ually  applicable 
"o  the  three  later  divisions  of  the  spermatogenetic  series. 

The  first  division  of  the  pollen-mothcr-cell  nucleus  in 
Lilium  Marlai^on  is  similar  in  every  detail  to  that  of  the 
primar>'  embryo-sac  nucleus.  Both  divisions  exhibit  a  type 
of  kar>'okinesis  differing  vcr>-  widely  from  that  of  vegetative 
nuclei.  The  difference  is  sufficiently  great  to  justify  the  use 
of  the  tenn  heterotypc. 

In  a  communication  at  a  recent  meeting  of  the  British 
Association  (Livcr|)ool,  i^ty6),  I  attempted  to  define  the 
difference  between  these  forms  of  kar>'okinesis  in  the  par- 
ticular case  of  Lilium  Martagon^.  My  observations  on  its 
spermatogenesis  were  not  then  completed,  and  only  three  out 
of  the  four  nuclear  divisions  from  that  series  were  described. 
Now  that  the  details  of  all  the  criticil  nuclear  divisions  on 
cither  side  have  iK^n  published,  we  have  the  materials  for 
a  detailed  com|>arison  of  the  two  ty|x*s  in  this  one  instance. 
Such  a  comparison  may  be  of  value  as  a  basis  for  future 
generalisation,  for  the  terms  helerotype  and  homoty[>e  have 
only  lately  been  adopted  by  t>otanists.  They  have  a  definite 
meaning,  and  it  is  time  that  their  use  should  l)e  sanctioned 
if  the  /«M.l»>^;u  .4!  analogy  can  be  maintainrd.  or  that  c<|nivalent 
tcrnjs  should  he-  l«»iin<i  if  siit  h  analogy  i.s  nuslrading.  The 
first  stcji  to  tills  ciui  is  that  the  tM>tanital  meaning  of  the 
uords  •-hoiiltl  \w  t!<MrIv  drhncd. 

I.illlc-  met!  Ik-  said  as  t«»  tht-  fixing  antl  staining  methods 
\%hi>  h  h.ivr  iMcri  applird  to  the*  .intlitt  In  tlw*  nuin  they 
rrvriiiMr  thost-  ulihli  ucir  h»Ufid  siiii,d»|c  l-i  thr  i»\ulr 
(I  p  4V  ai)d  ApjK  T'.<!i\  ».  I  h.4\*'  ni.untaifUMl  the  pr.ulurof 
arf.in^Mii;'  tli«-  pftp.if .it:o:is  in  tv\«»  p.ir.ili*  1  srii.N  «'n<-  pre- 
p.irtf!  tri>it)  in.itMi.i!  Ii\rd  in  al>»<>lut(*  .iU'>>h>*l.  thi-  othrr  from 
niatc'iii  !i\««!  :r.  •  :U*  ol  llii'  oMiih  .u  id  inivtiirc  h.  As  the 
tiSMir^  ••!  :l\i  .i:;ti.i  r  .ur  mor<  railv  jmih  trat« »!  than  tho>e 
ot    thr    «»\»j!r.   ii    h.is    \w\\\    {Nissihir    ti»   inakr   ^veatcr   use   of 
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aqueous  fixing-solutions.    Details  of  these  processes  are  given 
in  the  Appendix  at  the  end. 

Hand-sections  have  proved  of  great  value  for  purposes  of 
comparison  with  thin  serial  sections  in  the  study  of  the  first 
division  of  the  pollen-mother-cell  nucleus,  but  they  have  not 
been  used  to  illustrate  the  two  following  divisions.  The 
history  of  the  fourth  nuclear  division  in  this  series — that 
which  takes  place  in  the  pollen-tube — has  been  worked  out 
almost  entirely  by  means  of  hand-sections  from  alcohol- 
material.  This  is  the  only  part  of  the  work  in  which  a  single 
fixing  method  has  been  used  to  the  exclusion  of  any  other. 

Formation  of  the  Nucleus  of  the  Pollen-graix. 

The  anther  of  Lilium  Mariagon  differs  from  the  ovule  in 
possessing  a  definite  archesporial  tissue.  This  grows  rapidly 
by  repeated  cell-division  from  the  time  of  its  first  formation 
until  the  pollen-mother-cells  are  formed.  Cell-division  then 
ceases  in  the  loculi  for  some  time,  during  which  the  nuclei 
of  the  pollen-mother-cells  pass  through  a  period  of  growth 
and  development  which  corresponds  in  every  detail  to  that 
following  on  the  differentiation  of  the  embryo-sac  nucleus. 

The  nuclear  divisions  in  the  archesporial  tissue  are  pre- 
cisely similar  to  the  vegetative  divisions  described  in  the 
first  part  of  this  paper  (I,  p.  451).  The  chromosomes  are 
somewhat  crowded  on  a  small  spindle,  and  it  is  therefore 
difficult  to  find  examples  in  which  they  can  be  counted  with 
certainty,  but  there  are  always  about  twenty-four.  We  may 
conclude  that  when  the  pollen- mother-cell  is  differentiated, 
its  nucleus  is  built  up  of  twenty-four  chromosomes. 

In  an  ordinary  flower-head  of  Lilium  Mariagon^  in  which 
ten  or  twelve  buds  are  still  sessile  and  crowded  together  at 
the  top  of  the  flower-stalk,  anthers  from  the  youngest  buds 
will  usually  show  archesporial  tissue  in  which  there  is  no 
lack  of  nuclear  divisions.  I  possess  a  series  of  preparations 
from  ten  buds  of  such  an  inflorescence.  The  whole  flower- 
head  originally  consisted  of  twelve  buds,  two  of  which  were 
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accidentally  dcsiroyctl  during  the  process  of  preparation. 
The  lowest  buds  in  the  head  were  shortly  stalked,  and  stood 
somewhat  apart  from  the  others.  The  outer  perianth-leaves 
of  each  bud  were  broken  ofT,  and  the  rest  of  it  was  cut  into 
a  series  of  transverse  sections  in  which  all  the  parts  are 
shown  in  their  proper  position.  Archesporial  nuclear  divisions 
are  frequent  in  the  anthers  of  the  two  youn^^t  buds.  In  the 
third  the  |>oIlen-mothcr-ce]Is  are  differentiated,  and  the  first 
indication  of  an  embryo-sac  can  be  seen  in  the  median  ovules 
(I.  p.  449 1.  Sections  from  the  lower  buds  show  every  stage 
in  the  history  of  the  pollen- mother-cell  nucleus,  from  its 
first  formation  to  the  differentiation  of  the  spirem-ribhon 
within  it. 

Such  a  series  of  preparations  ser\'cs  two  pur|x>scs.  It 
may  be  conNidered  as  a  sort  of  index  to  the  nuclear  stages 
included  within  it,  (giving  direct  evidence  as  to  their  seriation : 
and  if  we  have  any  means  of  determining  the  difference 
of  age  between  buds  at  the  beginning  and  those  at  the  end  of 
the  series,  we  know  at  once  about  how  limg  the  nuclei  of  any 
|>articular  tissue  in  those  buds  have  taken  to  (kiss  frr)m  one 
stage  to  another.  I  should  sup|)ose  that  such  a  bud  as  the 
thiril  in  our  .series  would  take  a  week  <>r  ten  days  to  attain 
the  ^\/v  «»l  ihr  loucst  bud.  and  this  mu.st  aNo  Ix!  the  time 
taki  T)  l)y  ihi-  |MM\-n-in«'lljrr-ci  II  nmli-i  In  dc\rl.  p  fri«m  the 
renting;  to  tin-  spirrin-sl.i^f. 

I  Iw  wlmlr  niri\.il  !»rtvM*en  \\\v  dMDplrte  ditVrrmtiation 
of  the  ))«>I!(  n  iiii>thci  it  !1  .kkI  tlu*  t'«»iin.ition  of  the*  \oung 
jM.lK  ii..;r.ilii^  \Mtliin  it  may  ct)nvenif'tuly  Ih*  (!ivi(icit  inti» 
!«»ur   |»<-ii'Mls. 

I  I  l;c  r.tn  !*  ii.s  i»i  thr  jM-lK  niD'tluiic'll  ^r««\\s  I.u^'ir  .out 
ailtrs  It)  tii;it;.rr.  t'liially  a>M»frjn.-  tlu*  u«!l-knt»\%n  ^pifrm- 
i  iimlitt'  ■!]  1  |-  -.iH.    I     ; ./  ■ 

1  \  \\v  \v  K  hr>>iMi>^«<in(  H  .if<*  !«>rin<  d  ti«tn  tht  Hpirrtn  n!)lH)n, 
.till!  !•    .0    Si    ;:i  tl'.r  fuh  Icai  i,4\»t\'  '^l^;'»    4    i     > 

\  1 1.<  !  r^i  \  if\..l,i:uMs  i»t  till-  jH.Ilcn  ini'tluT  icll  nui  Icus 
•«|»ifattH  tl.i  t\\"  halvc-N  III  iMi  h  t  lin  ini>M»rnr  1  rll  clivi^iifn 
toi'«  \\  H  t^'  H  iiiiv  !<  ir  (!i\  iHi'Mi  <  I' t:;*»    i     •#    i ',1 
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4.  The  second  karyokinesis  divides  the  nucleus  of  each 
daughter-cell  into  two,  and  is  followed  by  a  corresponding 
cell-division  (Figs.  16-22). 

Measurements  of  the  pollen-mother-cell  nuclei  in  the 
earliest  stage  show  that  they  are  then  about  the  same  size 
as  the  embryo-sac  nucleus  when  just  formed.  They  remain, 
however,  for  a  much  shorter  time  in  the  resting-state,  and 
during  that  period  do  not  increase  so  much  in  size.  The 
embryo-sac  nucleus  is  in  the  resting-state  for  about  a  fortnight, 
and  during  that  time  its  mean  diameter  is  nearly  doubled 
(I,  p.  455,  and  Figs.  10, 11).  The  nuclei  of  the  pollen-mother- 
cells,  on  the  other  hand,  do  not  retain  the  structure  of  a  resting- 
nucleus  for  more  than  a  day  or  two,  and  their  mean  diameter 
increases  during  that  time  by  less  than  half  its  length.  Indeed, 
the  pollen-mother-cell  nucleus  is  throughout  its  development 
smaller  than  the  embryo-sac  nucleus  at  corresponding  stages. 
No  doubt  this  is  connected  with  the  small  size  of  the  pollen- 
mother-cell  as  compared  with  the  embryo-sac.  I  liave  drawn 
the  pollen-mother-cells  of  the  figures  numbered  i,  2,  3-15  on 
the  same  scale  as  Figs.  10-26  in  Part  I  for  purposes  of  com- 
parison. When  this  scale  has  proved  too  small  to  show  the 
necessary  detail,  portions  of  nuclei  at  corresponding  stages 
have  been  drawn  under  a  higher  magnification  (Figs.  1  a, 
2  a,  &c.). 

The  structure  of  the  resting  pollen-mother-cell  nucleus 
corresponds  exactly  to  that  of  the  resting  embryo-sac  nucleus, 
though  the  detail  is  not  quite  so  clear.  A  network  of  threads 
which  seem  to  anastomose  is  partly  obscured  by  the  cloudy 
substance  staining  like  dilute  chromatin,  which  I  have  called 
amorphous  chromatin.  Here  and  there,  in  very  deeply  stained 
preparations,  it  can  be  seen  that  the  threads  are  dotted  (  x  in 
Fig.  I  a\  but  this  is  less  clear  than  in  the  embryo-sac  nucleus. 
There  are  usually  several  spherical  nucleoli  (Fig.  j). 

As  the  nucleus  increases  in  size,  the  amorphous  chromatin 
is  seen  to  be  less  generally  distributed  over  the  nuclear 
section.  It  is  aggregated  round  the  threads  of  the  chromatic 
network,  and  seems  to  have  diminished  in  bulk.     Some  con- 
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sidcrable  quantity  of  amorphous  chrom<itin  is  still  present 
when  the  nuclei  have  completed  their  ^rouih  in  size,  and 
even  when  indications  be^in  to  api^ar  of  the  approach 
of  synapNis. 

The  pass;ii;e  from  the  resting-state  to  the  contracted  con- 
dition known  as  synapsis  is  very  instructive  in  these  nuclei. 
No  inde|)endi.nt  evidence  of  the  seriation  of  stages  could  be 
obtained  from  preparations  of  the  corresponding  period  in  the 
embryo- sac.  The  comparative  ages  of  the  nuclei,  where 
the  difference  was  slight,  were  settled  on  internal  evidence 
only.  Hut  in  a  single  longitudinal  section  from  a  young 
anther,  the  |K>llen-mothcrcell  nuclei  at  one  end  may  Le  in  the 
late  resting-condition,  while  those  at  the  other  are  completely 
contracted.  The  intermediate  nuclei  then  exhibit  an  orderly 
series  (»f  transitii'nal  forms. 

The  approach  of  synapsis  is  first  indicateil  by  the  appear- 
ancc  of  drops  of  nucleolar  matter  adhering  to  the  chromatic 
network.  The  larger  of  these  drops  can  be  identified  by  their 
rtddi.sh  colour  in  sections  from  alcohol-material  stained  with 
methyl  green  and  acid  fuchsin.  The  nucleoli  are  still  spherical 
and  well  defined,  but  often  vacuolatetl.  A  little  later  the 
nuiieoli  ttise  their  viell-ilehnid  outline,  the  nuclear  membrane 
iK'ctirnes  indistinct,  aiul  the  chromatic  threads  show  a  tendency 
tt»  lollcit  roiJii'l  llie  multoli  »4t  one  si<le  of  the  nuclear  cavity 
k\'\\\.  .: »  I  hi^  iMiiir.n  iiofi  htcornrs  more  .mil  ini»re  pro- 
niiuiuf*!.  the  nucleoli  lollect  inlt)  a  NhajH-Icss  m.iss  nf  ill-marked 
<iutluir.  .ind  thi-  nuv'.e.ir  nu  mhrane  sic-ins  to  ha\r  disappc.ired 
as  \  cntMUious  stfUttutc.  Its  pl.u  e  is  taki'n  by  a  ^oit  of  web 
ot  1  \t"p!.4Mi.u  iiSrils.  In  Mitions  stained  with  iiu  th\  I  «*rren 
.ind  .Kid  luJiNiu  It  iH  to  )m-  rtiu.oked  that  the  nucleolar  mass 
in  "t!(  11  K'  i>)Uii<)  .;[<rn  in  tlic  thit  krr  parts  as,  tor  example, 
n*  ar  ;<  \\\  I  .;  :.  l*o^iil»ly  it  h.is  «1is-.iKim1  tiu*  arn«iiph"U% 
I  )it><iii.it:n  \\\\\  \\  w.iH  sti.I  vi^liie  ti  \\\v  '..itei  staj^ci  »•!  the 
If  st.i).  -nu<  .c  .tH  1l(  r>!.'stit  tils  ii  eni*>h  mast  ate  aluavs 
<*t  a  \Kis))\   14  tl  (    !>»ur    .Old   the   nui  It-.ir  s.ip   in   its   mi^hlxmr- 

I  \(ti    .11    ^\u\\   a    jii  p.iiati'in   as   tlut    ffiMU   uhith    Fig    2    is 
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drawn,  it  can  be  seen  that  the  chromatic  threads  have  grown 
in  thickness.  Sections  from  material  fixed  in  Flemming's 
solution  show  the  structure  of  the  thread  in  detail.  It  is 
irr^rularly  thickened:  here  and  there  drops  of  nucleolar 
matter  adhere  to  it  (n,  n,  in  Fig.  2  a).  In  the  broader  bits  of 
thread  from  very  clearly  stained  preparations,  a  double  row 
of  dots  can  sometimes  be  made  out. 

The  nucleus  of  the  pollen-mother-cell  has  now  entered  on 
the  period  of  contraction  called  S}mapsis,  which  precedes  the 
formation  of  the  spirem-thread.  It  is  a  condition  which 
persists  for  several  A^y%y  and  the  phenomena  which  distinguish 
it  are  familiar  to  all  who  have  worked  at  the  subject ;  but  it 
has  been  considered  by  most  observers  to  be  an  artificial  state 
produced  by  the  action  of  reagents.  This  is  not  the  place  in 
which  to  enter  into  an  account  of  the  controversy  which  has 
arisen  on  various  points  connected  with  this  subject.  I  shall 
simply  describe  my  own  observations  on  this  period  in  the 
history  of  the  poUen-mother-cell  in  the  single  case  of  Lilium 
Mariagon.  A  fuller  account  of  the  evidence  will  be  given 
than  would  be  necessary  if  no  controversy  existed. 

The  appearance  of  the  nucleus  in  the  contracted  state 
depends  very  much  upon  the  thickness  of  the  section  ex- 
amined. If  it  is  thick  enough  to  include  the  whole  depth  of 
most  of  the  nuclei  contained  in  it, .the  general  appearance 
of  each  is  that  shown  in  Fig.  3,  which  is  drawn  from  a  hand- 
section  of  alcohol-material.  All  that  is  visible  of  each  nucleus 
in  such  a  section  is  a  swollen  nuclear  cavity  containing  a  ball 
of  chromatic  substance,  which  adheres  to  one  side  of  it.  The 
ball  is  clearl/  formed  of  close  coils ;  some  of  them  can  be 
distinguished  from  each  other  near  the  edge  of  the  ball.  No 
definite  nuclear  membrane  can  be  made  out ;  but  this  is  not 
conclusive  in  such  a  preparation,  for  its  thickness  necessarily 
renders  details  indistinct. 

Before  proceeding  to  a  description  of  thin  serial  sections, 
which  give  details  of  the  nuclear  structure  in  this  stage  with 
great  precision,  I  will  give  a  complete  account  of  those 
observations  on  living  material  which  have  been  mentioned 
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already  (I,  p.  451).  It  is  clear  that  such  observations  are  of 
im|x>rtancc,  for  if  well  established  they  will  settle  the  question 
as  to  the  natural  or  artificial  character  of  the  contraction  we 
are  dealing  with. 

It  has  already  been  said  that  the  nuclei  of  the  pollen- 
mothcr-cells  remain  in  the  contracted  condition  for  several 
days.  It  is  therefore  easy  to  find  material  of  the  right  age. 
Anthers  are  chosen  from  buds  which  stand  midway  between 
the  highest  and  lowest  buds  of  such  an  inflorescence  as  that 
described  on  page  190.  The  only  difficulty  in  their  prepara- 
tion lies  in  cutting  sufficiently  thin  sections  from  fresh 
material.  This  can  generally  be  done  in  elder-pith  with  a  dry 
razor.  The  sections  were  mounted  in  sap  expressed  from  the 
perianth-leaves  of  the  bud,  and  were  covered  with  a  glass  slip. 
They  were  examined  with  a  homogeneous  immersion  objective 
of  1  mm.  focal  length,  N.A.  1.30,  from  Zeiss'  a(X)chromatic 
series ;  eye- pieces  4  and  6  were  used.  The  Powell  and 
Lcaland  condenser  was  lowered  until  the  angle  of  the  incident 
light — from  an  incandescent  gas-burner — was  sufficiently 
narrow  to  give  a  clear  outline  to  the  unstained  nucleus^ 

Notes  were  taken  of  the  observations  made  in  this  way  on 
three  separate  occasions,  and  outline  drawings  of  the  |)ollen- 
mother-cell  and  its  nucleus  were  kept.  Within  the  rather 
obscure  wall  of  tin*  poUen-rnolhcr-ccll  was  seen  a  clear  space, 
well  outlined  .i^ain>t  the  granular  protoplasm  filling  the  rest 
*»f  tlu*  cell.  ( )nc  sitic  of  this  space  was  (Kcupied  by  a  rather 
opatjuc  spherical  b.ill. 

It  iinw  IxTtaiiie  necesN,iry  ti>  identify  the  features  of  this 
outline.  ( )n  two  nn»rnin;^s  the  section  was  roughly  I'lxetl  and 
stairud  by  Stra^burj.jer'»  well-kfiown  niethtdl  of  allowing 
iiirlhvl  '[Teen  tlis>«»!\eil  ifi  <»ne  jK*r  cent,  acetic  aciil  t«>  run  in 
ufuh  r  the  c'»ver-slip.  TIun  very  inn»crlrct  hxin^^  metluHi 
pUKlucfd  (1« !« 'riM.iti"n  in  the  sh.ij>c  of  the  ».lear  npace,  but  the 

I  '.,•  ;  .  •'  .  i-  *..,  f :  r:.!  I  }  *:.  .i!  *  .1  .  '»!i  'it  «^t.  h  t  Sa*c  f  ...:»  \  \m  \^\\t  ())C 
I- ^r  Tv  ■•■  W  ?.rr.  !!)  .■»:<•*  rr  ..f  ilr  itui^ftt  l.^^fi!  «•»•  .*r\  rca»<ni  tj  tSc  u«r 
iA  aJt  ii.t    :.«;     r    1;!:..  '!if    .iM.l'.t   <.  t<l  \h*    tiiiJi|;r  «r*»  \c%%  |<flr\'t  tti«n  ttuil  iiUAIi«r«l 

\  \   .    *•  r...,_  *  .t        :     .   .  .r: 

I 


196     Sargant, — Formation  of  the  Sexual  Nuclei 

spherical  ball  stained  an  intense  green,  and  thus  showed 
the  presence  of  chromatin.  The  section  cut  on  the  third 
morning  was  particularly  successful,  and  was  preserved  for 
future  reference  by  laying  it  in  much  diluted  Merkel's  solution 
for  half  an  hour,  and  then  staining  with  Mayer's  haemalum. 
I  could  not  detect  any  alteration  in  the  shape  of  the  nuclei 
after  this  fixing  and  staining  process.  The  fixed  and  stained 
section,  though  thin  for  one  cut  from  fresh  material,  cannot  be 
compared  with  a  good  hand-section  from  a  hardened  anther, 
and  the  structure  of  the  nuclei  is  further  obscured  by  the 
heavy  stain ;  but  there  can  be  no  doubt  that  the  nuclei  are 
really  in  the  condition  of  synapsis.  Their  outlines  correspond 
perfectly  well  with  that  drawn  from  a  nucleus  in  the  fresh 
section  before  fixing. 

We  may  now  proceed  to  examine  the  structure  of  the 
contracted  nucleus  in  detail  by  means  of  sections  considerably 
thinner  than  its  mean  diameter.  The  appearance  of  any 
particular  nucleus  in  such  a  section  will  depend  greatly  upon 
how  the  contracted  part  lies  with  reference  to  the  plane  of  the 
section.  If  the  knife  has  passed  through  the  area  over  which 
the  chromatic  ball  is  in  contact  with  the  boundary  of  the 
nuclear  cavity,  then  the  section  of  the  nucleus  will  have  an 
outline  resembling  that  of  Fig.  3^.  But  if  the  section  is 
roughly  parallel  to  the  area  of  contact,  the  chromatic  ball  may 
appear  as  a  circular  disk  within  the  nuclear  cavity,  but  quite 
free  from  it.  In  this  case  the  whole  section  of  the  chromatic 
ball  commonly  drops  out,  leaving  the  nuclear  cavity  as  an 
empty  space  of  irregular  outline.  It  often  happens  also  that 
the  sections  are  injured  by  the  knife,  perhaps  because  the 
absence  of  a  definite  nuclear  membrane  weakens  the  structure 
of  the  whole  nucleus.  At  any  rate,  fragments  of  the  chro- 
matic thread  and  bits  of  nucleolar  matter  are  constantly  found 
outside  the  nuclear  cavity,  and  the  whole  preparation  is  apt  to 
look  ragged  and  untidy. 

Neglecting  such  details  as  may  be  fairly  attributed  to 
imperfect  preservation,  we  find  that  there  are  three  features 
characteristic  of  synapsis — a  more  or  less   complete   disap- 
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pcarancc  of  the  nuclear  membrane,  partial  solution  of  the 
nucleolus,  and  contraction  of  the  chromatic  thread.  The 
structure  which  we  have  hitherto  called  the  chromatic  ball  is 
seen  to  consist  of  the  chromatic  threads  closely  coiled  round 
a  mass  of  semi-fluid  matter,  which  must  be  chiefly  of  nucleolar 
origin.  As  we  have  seen,  the  colouring  in  preparations  stained 
with  methyl-green  and  acid  fuchsin  suggests  that  there  is  also 
some  amount  of  chromatin  dissolved  in  this  mass.  The 
chromatic  threads  in  nuclei  which  have  just  entered  on 
synapsis— for  instance,  those  at  one  end  of  a  loculus  which 
shows  resting-nuclei  at  the  (»therend — resemble  that  drawn  in 
I''ig.  la.  Such  threads  are  irregularly  thickened,  and  the 
double  row  of  dots  can  only  be  made  out  here  and  there. 
The  cytoplasm  which  surrounds  the  nucleus  often  shows 
fibrillar  structure  at  this  time,  and  in  the  absence  of  a  proper 
membrane  the  nuclear  cavity  is  outlined  by  a  denser  web  of 
cytoplasmic  fibrils  i  Kig.  3). 

The  structure  I  have  juht  described  is  characteristic  of  the 
earlier  [xrriod  of  synapsis.  Later  on — in  such  a  nucleus,  for 
example,  as  that  drawn  in  Fig.  3<i — the  nuclear  membrane 
begins  to  reappear,  nucleoli  are  slowly  reconstructed  out  of 
the  amorphous  nuclei  >t.ir  mass,  and  the  coils  of  the  chromatic 
thread  lxct>mc  lix.scr.  The  thrc<id  itself  is  now  of  uniform 
brratlth.  .uul  is  iMtnliri'd  by  two  regular  rows  of  d«»ts(Fi).,'.  ^A). 
I  hcsc  t'han;;c-s  pri'Ci'eil  slowly  until  the  chromatic  Ct»ils 
«KCnpv  ni.iflv  thr  wh'  Ic  of  the  nuclear  cavitv,  which  is  t>nce 
more  b'>un(l<-(l  l>v  a  wclUni.irkrd  membrane.  The  nucleoli 
art"  inon-  i»r  Uss  sphcric.il  anil  of  dctinitc  laitlinc.  No  trace 
ot  .in  .iin«i]*h>iis  iii.i^^  It  mains.  1  he  .spin-m  s!.^;c  is  reached 
uluti  tilt  dwniiMtic  (.i)!!^.  which  tan  now  be  sirn  to  form 
a  !■  Ill  r.ii  "ij.'»  nl»l)t»n.  «HCiipy  the  wh'Ir  «»f  lh«-  nucU-.ii  i.iMty. 

I  lir  *»!i'.nti:u"  oi  th*  p  •lliii  inothrr-c«lI  nut  K  us  in  the 
spilt  i:iM  "I.  !;::■ 'II  is  jKiUitl)  ilf.if.  It  is  .i  ;;  lod  thai  sni.iller 
th.iM  tiir  <:;.*•!> '-.n  inn  irus  .il  the  t.i»iri  spoiuiiii^;  "^ta^^e 
K\\  I:.  4  u.:!i  I  1.;  14  ill  \\\\\  \\  arul  tlir  ci^iN  t»!  iilibon  are 
iifn  1  ••  <1\  p.i>l.i«!  1(1  thi  lunitar  lavit)  I  he  riblxin  itiirlf 
lt».>k>  tit- .Mil  I  \\\.\\\  thr  (iM>on  kA  the  embrvi»-sac  nucleus;  but 
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this  is  the  effect  of  unconscious  comparison  between  the 
breadth  of  the  ribbon  and  the  size  of  the  nucleus.  Wherever 
the  full  breadth  of  the  twisted  ribbon  can  be  seen,  it  turns  out 
to  be  about  the  same  in  both.  Sometimes  the  nucleus  has 
a  single  nucleolus  at  this  stage  (Fig.  4),  but  commonly  there 
are  two  or  more.  The  differentiation  of  the  chromatin-granules 
on  the  ribbon  is  perfectly  clear  even  in  thick  sections  from 
alcohol-material  (Fig.  4) ;  thin  tangential  sections  from  nuclei 
fixed  in  Hermann's  solution  show  it  very  beautifully,  as  in  the 
preparation  from  which  Fig.  4  a  is  drawn.  This  preparation 
is  stained  with  Flemming's  triple  stain  (I,  p.  474  Appendix), 
in  which  the  characteristic  colour  of  chromatin  is  a  dull 
purple,  and  that  of  nucleolus  and  cytoplasm  orange-red.  The 
matrix  of  the  spirem-ribbon  stains  red  under  this  treatment, 
while  the  granules  which  border  it  are  dark.  Other  double 
stains  bring  out  the  same  distinction :  the  ribbon  itself  stains 
like  the  nucleolus  and  cytoplasm,  while  the  dots  take  the 
colour  of  chromatin. 

We  have  now  traced  the  history  of  the  poUen-mother-cell 
nucleus  through  the  first  period  of  its  development  That 
period  is  occupied  by  the  formation  of  the  spirem-ribbon. 
We  have  seen  that  it  is  differentiated  while  the  nucleus  is  in 
the  contracted  condition  known  as  synapsis,  and  it  seems 
probable  that  the  linin-matrix  of  the  ribbon  is  formed  in  great 
part  from  the  substance  of  the  half-dissolved  nucleolus.  The 
double  row  of  chromatin-granules  can  be  first  demonstrated 
with  certainty  during  the  condition  of  synapsis,  but  there  is 
reason  to  think  that  it  was  formed  by  the  fission  of  the 
pre-existing  single  row  before  the  final  contraction  took  place. 
In  all  these  points,  as  also  in  minor  details,  the  development 
of  the  pollen-mother-cell  nucleus  agrees  exactly  with  that  of 
the  embryo-sac  nucleus. 

The  nucleus  of  the  pollen-mother-cell  remains  for  a  short 
time  in  the  spirem-condition.  When  development  proceeds 
again,  it  still  shows  the  closest  agreement  with  that  of  the 
embryo-sac  nucleua  As  before,  however,  the  smaller  size  of 
the  former  nuclei   renders  detail  less  clear.    On  the  other 
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hand,  wc  a^jain  have  evidence  as  to  the  seriation  of  the 
developmental  stajjes  from  the  (K)sition  of  the  mother-cells  in 
the  loculus.  Moreover,  the  smaller  diameter  of  the  nuclei  is 
of  advantap[e  in  one  way  ;  for  thoujjh  an  untouched  nucleus 
is  only  to  be  met  with  in  hand-sections,  yet  serial  sections  of 
15  \k  thickness  include  more  than  half  the  depth  of  favourably 
placed  nuclei,  and  such  preparations  form  a  valuable  link 
between  those  which  show  the  complete  nucleus,  in  which 
details  are  obscured  by  the  thickness  of  the  section,  and  the 
clear  but  fra(;mentar>'  preparations  of  nuclei  found  in  serial 
sections  of  thickness  varying  from  .'Jm  to  10  fi« 

As  in  the  embryo-sac  nucleus,  lonp^itudinal  fission  is  found 
in  parts  of  the  spirem-ribbon  before  it  has  been  divided  into 
lengths  by  transverse  division  (  x  and  x '.  Fig.  5)*.  Articulation 
or  beading  of  the  spirem-ribbon  precedes  the  formation  of 
these  loops.  Short  segments  of  the  ribbon,  including  two 
or  more  pairs  of  granules,  become  slightly  swollen,  and  the 
ribb«>n  between  such  segments  is  rather  narrower  than  in  other 
places  (Fig.  4^1).  In  the  preparation  from  which  Fig.  5  is 
drawn,  indications  are  already  seen  of  the  approaching  solu- 
tion of  the  nucleolus :  the  nuclear  sap  is  coloured  cloudily  in 
places.  Thus  at  x  the  space  iK'tween  the  two  rows  of  granules 
is  slightly  colonrrd  as  comparer!  with  the  surrounding  sp.ice, 
Init  this  onlv  (Kciir-*  in  the  nrJL'hhotirhooil  of  the  nnclrnJuH. 
At  X,  for  c*\.i:nj>|r.  the  spare  witliiii  the  I«m»|)  i**  quite  clear. 
DetaiN  of  the  pr-Ke^s  of  |.>nj^itiHlin.il  t'lssjon  are  s«  en  in  such 
tan«^;enti.i!  siiii..n>  <if  nuclei  as  tliat  shown  in  I-*ig  >i.  uhich 
is  from  the-  •-.imr  antlicr  a**  the  nucleus  drawn  in  V\\\.  4ti. 

The  scuu.ititji^  of  the  t\vt>  rows  <»f  ^jranules  in  nearly  i(  not 
cjuitr  1  •»rn]»!tti*  when  \hr  spirtrn-ril>lx»n  tunt  sh«»w*i  iudiiMtinns 
«•!  .1  «!ivjs  .iri  int'»  leu  ;th»i.  I'ij^.  ^.  f«»r  ex.imple,  is  drawn  from 
a  n\i«  Ic-U'.  ne.ir  tint  lrt>tii  whiih  l-'i^.  *;  is  taken  ;  at  x  a  trans- 
vrr  r  (livi.MU  li.i**  just  taken  pl.u  e.  .lud  wlien  the  sevtion  is 
n.irr"'.v!y  r\.t:m!ied.  l«>nr:itudu\.ii  fisHmn  i  .111  be  made  out 
in  tin*  ri!»!»»n  whefArr  tlie  micle.ir  vip  is  uncoloured, 
.s«.!uti'>ri    i'i    thr    niK  leolus  <<; )  has   ilcarly    lic^^un.    and    the 
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coloured  nuclear  sap  seems  to  run  in  between  the  two  rows  of 
granules  like  a  soap-film  between  knitting  needles.  Thus  the 
space  between  such  rows  is  often  more  highly  coloured  than 
the  surrounding  r^on,  as  may  be  seen  to  the  right  of  Fig.  6. 
In  that  part  of  the  nuclear  section  it  almost  seems  as  if  fission 
of  the  ribbon  had  not  taken  place,  or  was  incomplete ;  but  on 
the  left  of  the  figure  the  sap  is  clear,  and  no  mistake  is 
possible. 

Division  of  the  spirem-ribbon  has  now  taken  place  in  two 
directions.  The  rows  of  chromatin-granules  which  border  it 
have  been  separated  from  each  other  by  longitudinal  fission, 
and  the  double  thread  thus  formed  has  been  transversely 
divided  into  lengths.  These  lengths,  each  consisting  of  two 
dotted  filaments  much  twisted  on  each  other,  are  in  fact 
immature  chromosomes,  and  when  they  have  assumed  a  more 
compact  shape,  we  shall  find  that  there  are  twelve  of  them. 

The  development  of  the  mature  chromosome  from  each 
pair  of  twisted  filaments  begins  at  once,  and  it  is  a  curious 
fact  that  the  process  is  accompanied  by  all  the  signs  of 
synapsis.  I  have  already  spoken  of  the  gradual  solution 
of  the  nucleolus.  In  Figs.  7  and  7^  we  see  an  amorphous 
mass  of  nucleolar  matter  which  recalls  an  earlier  stage  (cf. 
Fig.  3^).  The  twisted  threads  cluster  round  this  mass  at  one 
side  of  the  nuclear  cavity,  and  the  nuclear  membrane  becomes 
obscure  or  actually  disappears.  The  contraction  itself  is 
clearer  at  a  rather  later  stage  than  that  shown  in  Fig.  7  a,  and 
is  never  so  well  marked  as  in  the  embryo-sac  nucleus 
(I,  Fig.  18),  but  its  character  cannot  be  mistaken.  In 
examining  anther-sections  under  a  low  power,  I  have  fre- 
quently been  unable  to  decide  whether  the  contracted  nuclei 
at  one  end  of  the  loculus  were  younger  or  older  than  those  in 
the  spirem-stage  at  the  other  end.  Indeed,  it  requires  fairly 
high  magnification,  and  some  attention,  to  distinguish  between 
stages  of  synapsis  which  are  just  passing  into  the  spirem- 
condition  and  the  contracted  stages  which  follow  it. 

It  should  be  noticed  that  in  the  stage  represented  in  Fig.  7  a, 
the  presence  of  coloured  sap  between  the  dotted  filaments  is 
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very  conspicuous.  As  the  nucleus  emerges  from  the  con- 
tracteil  state  and  the  nucleoli  arc  reconstituted,  this  feature 
disap{)cars.  The  filaments,  which  l(x>ked  ragged  when  first 
formed — an  appearance  easily  understood  when  we  remember 
the  lumpy  distribution  of  the  linin  in  the  spirem-ribbon  during 
longitudinal  fission  (Figs.  4^  and  j<i)-  become  of  uniform 
thickness  during  this  second  synapsis  (Fig.  H),  and  before  the 
end  of  that  ixrritxJ  two  rows  of  dots  can  be  made  out  in  each 
filament.  The  young  chromosome  now  consists  of  two  lengths 
of  ribbon  twisted  round  each  other  *.  F3ach  length  bears 
two  rows  of  dots  (Fig.  8^).  These  four  rows  of  dots  arc 
the  prmluct  of  two  successive  longitudinal  fissions.  The 
ribbcms  continue  to  grow  in  breadth  (Fig.  9^1),  while  the 
nuclear  membrane  reappears  and  the  nucleolus  resumes  its 
definite  outline  (Fig.  9).  No  further  change  in  the  structure 
of  the  chromosome  takes  place  for  some  time.  It  continues 
to  gnnv  shorter  and  broader,  and  the  twist  of  its  two  segments 
on  each  other  becomes  closer. 

The  chnunosonus  which  will  take  part  in  the  fir-^t  karyo- 
kinesis  of  the  pollen- mother-cell  nucleus  are  now  nearly 
mature.  They  lie  loose  within  the  nuclear  membrane  in 
com|>any  with  the  nucleoli  (Fig.  10).  Kach  ctnisists  of  two 
segments  which  are  already  i^crfectly  distinct,  and  which 
uill  l>c  separated  fnTn  each  <»ther  in  the  tour>e  of  the  c*»ming 
k.iry'kine-^is.  Tiic  chrinnojjonu-s  «»f  .i  vegrt.itive  luulcus 
show  n«»  tl.sNii.n  until  it  is  mature  and  has  taken  its  place 
««n  the  spiiullr  (1.  p  4  .4  .ind  I'ig.  .•;•  lUil  in  the  |H)lIen- 
iiiotlii  ill!  ni.i  li  IN  UL  have  seen  that  the  hNNi«»n  <»!  chrt^matin- 
;,;i.inul«s  to  .'k  pl.u  e  within  th<*  iininature  spiri*mribl>«»n 
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had  been  divided  into  chromosomes.  Thus  each  chromosome 
has  been  divided  into  two  segments  from  the  very  outset  of 
its  independent  existence,  and  these  segments  were  formed 
by  a  process  of  longitudinal  fission. 

It  is  a  remarkable  fact  that  in  such  an  immature  chromo- 
some as  that  drawn  in  Fig.  9  a^  each  segment  exhibits  a  fission 
of  chromatin-granules  exactly  resembling  that  which  pre- 
ceded the  complete  fission  of  the  whole  chromosome.  We 
are  naturally  led  to  expect  that  this  also  will  be  completed 
at  a  later  stage  of  development,  and  that  such  a  chromosome 
as  we  have  described  has  an  essentially  fourfold  structure. 
This  view  is  the  more  tempting  when  we  recall  the  formation 
of  tetrad-groups,  which  is  so  characteristic  of  the  animal  sper- 
matocyte. Dr.  Brauer  has  shown  that  in  the  case  of  Ascaris 
each  tetrad-g^oup  is  the  result  of  a  double  longitudinal  fission  ^. 

The  chromosomes  of  the  pollen-mother-cell  nucleus  of 
Lilium  Martagan^  however,  undergo  a  change,  on  the  final 
disappearance  of  the  nuclear  membrane,  which  effectually 
conceals  all  traces  of  the  incomplete  fission  just  described. 
Up  to  the  time  of  that  disappearance  the  segments  of  each 
chromosome  show  the  difTerentiated  structure  drawn  in 
Fig.  9  a.  But  as  the  membrane  vanishes,  the  colouring  of 
the  chromosome-segments  becomes  uniform.  Each  is  appa- 
rently homogeneous.  There  is  no  contrast  between  cyano- 
philous  granules  and  erythrophilous  ribbon,  but  the  whole 
chromosome  stains  uniformly  like  chromatin  (Fig.  11).  A 
similar  change  has  been  observed  at  the  corresponding  period 
in  the  history  of  the  embryo-sac  nucleus  (I,  p.  461}. 

The  true  structure  of  the  mature  chromosome  is  very  much 
obscured  by  this  change  in  colouring  power.  However  tightly 
its  segments  were  twisted  on  each  other,  they  could  still  be 
distinguished  without  difficulty  so  long  as  each  consisted  of 
a  ribbon  outlined  with  a  dark  border  of  dots.  Now,  however, 
the  segments  are  indistinguishable  where  they  cross  each 
other.     The  loops  between  them  are  sometimes  fairly  large, 

*  Brauer,  Zur  Kenntniss  der  Spermatogenese  von  Ascaris  megalocephala,  Arch, 
f.  mikr.  Anat.,  V.  42,  1893. 
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and  in  such  cases  the  twist  of  the  segments  on  each  other  can 
be  made  out  (Kigs.  1 1  and  1 1<?).  When  the  twist  is  tight,  the 
loops  may  aj)j>car  as  circular  dots  in  the  otheru'isc  seemingly 
solid  chromosome,  or  no  loops  at  all  may  be  visible.  This  is 
particularly  apt  to  occur  in  preparations  from  material  fixed 
with  absolute  alcohol.  The  real  structure  may  be  demon- 
strated  in  such  cases — at  the  cost  of  the  preparation — by 
first  treating  the  nucleus  with  warm  5oy,  acetic  acid  to  clear 
the  structure  ^  and  then  allowing  fuming  hydrochloric  acid  to 
run  in  under  the  cover-slip  *.  The  cellulose  and  cytopLismic 
structures  have  all  been  more  or  less  dissolved  by  the  acetic 
acid.  The  chromosomes  stand  out,  their  structure  unaltered, 
but  with  a  peculiar  highly  refractive  appearance.  It  is  well 
to  choose  a  particular  chromosome  for  obser\'ation  under 
a  high  power  before  running  in  the  fuming  hydrochloric  acid. 
The  action  of  this  reagent  is  ver>'  sudden.  The  chromosome 
retains  its  solid  homogeneous  appearance  for  some  time,  but 
then  swells  up,  and  for  a  few  moments  shows  two  s|x>ngy 
segments,  each  clearly  outlined  by  a  broken  black  line.  The 
twist  of  these  segments  on  each  other  is  quite  clear,  but  the 
whole  chromo.some  disappears  very  quickly.  Chromosomes 
fixed  in  Hermann's  solution  cannot  be  dissolve*!  in  this  way. 

The  disa|)jKMrance  of  the  nuclear  membrane  and  the  forma- 
ti<»n  <»f  thr  spindle  can  oftrn  l>c  bcMutifvilly  tr.iccd  in  the 
m<»ihi'r-tcll>  of  \  sin|.;lo  l«K:uhis.  Fi.4j»mcnts  of  nucleolar 
niattrr  can  sonutimcs  Ik:  seen  among  the  chromosomes  after 
thf  nuckMr  (ncnil)ranc  has  ^;one.  At  the  s.i!nc  titnc  a  num!>cr 
•  •f  larj.;c  (Tythr«»p!u!«»us  ^'ramiles  ap|H:ar  in  the  cyli>plasm 
k\'\\\.  ic  i\\.      Thcsf  arc  dMuhtlrss  of  nucleolar  origin 

1  hr  chrt»niosorni  s  seem  iliivrn  t«»gflhrr  in  a  h<a|»  oji  the 
diN.ipj>r.irani  c  ot  th<-  l>'>untlary  brtwcvn  nucleus  ami  cytoplasm 
jl'i^.  \T  iW  I  he  jipiTiilU*-hl)rc*s  sot»n  inakr  thcif  apjKMrance 
at   tA'»  "t   tlutc   jw.ints   in   tlir  cyti'plaHtn  <  I**ig.  ic  .!•.  whence 
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they  extend  towards  the  chromosomes.  The  spindle  thus 
formed  is  rarely  symmetrical  at  first  (Figs.  \oa^  ii,  \\a)^. 
The  chromosomes  soon  begin  to  scatter,  being  attached  to 
bundles  of  fibres  (Fig.  1 1  a). 

As  the  spindle  becomes  symmetrical,  the  chromosomes  are 
arranged  in  an  equatorial  plate.  Two  very  well-marked 
bundles  of  spindle-fibres  are  then  attached  to  each  chromo- 
some (Fig.  la)^  One  of  these  bundles  is  fixed  to  each 
segment,  and  they  point  to  opposite  poles.  The  two  s^- 
ments  move  apart  from  each  other  as  if  each  were  pulled  to 
its  pole  by  the  fibres  attached  to  it.  During  the  process  of 
separation  the  whole  chromosome  becomes  much  contorted. 
This  is  not  surprising  when  we  consider  how  tightly  the 
segments  of  each  chromosome  are  usually  twisted  on  each 
other,  and  that  they  must  untwist  as  they  are  pulled  apart. 
Adjacent  chromosomes  may  assume  very  different  shapes 
(Fig.  I  a).  This  depends  very  much  on  the  point  of  attach- 
ment of  the  spindle-fibres,  which  may  be  in  the  middle  of 
the  chromosome  or  near  one  end.  The  knotted  and  strained 
appearance  of  the  segments  just  before  complete  separation  is 
much  less  conspicuous  here  than  in  the  first  division  of  the 
embryo-sac  nucleus  (I,  p.  462).  Compare  for  instance  Fig.  13 
in  this  paper  with  Fig.  23  in  Part  I.  It  seems  as  if  the  strength 
of  the  pull  exercised  on  the  chromosomes  by  the  spindle-fibres 
varied  to  some  extent  with  the  size  of  the  cell. 

The  daughter-chromosomes  in  the  diaster-stage  are  com- 
monly V-shaped,  the  angle  pointing  towards  the  pole  which 
it  approaches  (Figs.  13,  14).  This  angle  is  often  bent  back 
(Fig.  14)  ^  When  the  two  groups  of  daughter-chromosomes 
reach  the  poles,  they  cluster  closely  together,  and  the  deflexed 
angle  forms  part  of  a  depression  in  the  daughter-nucleus — 
the  *polfeld.*  A  cell-plate  is  formed  between  the  two  nuclei 
(Fig.  15),  and  is  shortly  followed  by  a  cell- wall. 

*  \V.  Bclajeflf,  Zur  Kenntniss  der  Karyokinese  bci  den  Pflanzcn,  Flora,  Erganz- 
ungsband,  1894,  p.  438. 

*  W.  Bclajeflf,  1.  c.  p.  439.     Sec  particularly  Fig.  15  from  Z.  (andidum, 
'  See  Postscript. 
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The  number  of  the  chromosomes  taking  part  in  the  first 
kar>'okinesis  of  the  jx>lIen-mother-cell  nucleus  is  most  easily 
counted  while  they  form  a  nuclear  plate.  A  single  longitudinal 
section  from  an  anther  of  the  right  age  contains  hundreds  of 
such  figures,  but  there  is  some  difficulty  in  exact  counting, 
because  the  chromosomes  are  crowded  on  the  spindle. 
I  finally  adopted  the  following  method: — Two  hand-sections 
were  closely  examined  for  ^^pindles  more  or  less  perpendicular 
to  the  plane  of  the  section.  Before  any  attempt  was  made 
to  count  the  chromosomes,  certain  tests  were  applied  to  each 
figure.  The  objective  was  raised  until  the  whole  nuclear  plate 
was  indistinct.  If  no  part  of  the  section  in  its  neighbourhood 
was  then  in  sharp  focus,  the  figure  was  rejected.  The  same 
test  was  applied  with  a  lowered  objective.  The  object  of  both 
was  to  exclude  nuclear  plates  lying  on  either  surface  of  the 
section,  for  chromosomes  lying  above  or  below  the  others 
might  have  been  removed  from  such  figures  in  cutting  the 
section.  Nuclear  plates  which  stood  these  tests,  but  in  which 
the  chromosonus  were  crowded  together  on  one  side,  were 
also  rejected.    Twenty  nuclear  plates  were  chosen  in  this  way. 

In  V  «.aftc»  thf  re  «»i  rt  certainly  t  J  chromntomc^. 

,.  *t  cx*<\         .,  cithtr  II  (ir  li  ,. 

..    I  «>*«■  ..  li  '-r  13 

I    ^A   r  10     I  I    of    t  i 

Thf  »i.4Uj.;lilcr-niKlii  I'Ttnoi  by  ihc  iiisl  liivision  never  enter 
thr  rt-^tin/'^l.u'e.  I*!.ich  is  mt*M  1\  .1  cl"j»e  kn«'t  «»f  chr«»m.itic 
ril>t><>ti.  uilliout  inuUt>!i  but  eiKlc^ed  111  .1  tuicle.ir  inetnbrane 
whith  (liN,i)>)>e.irM  in  ihr  r.iiliir  '•t.u;!  s  of  k.irytikiiusiH. 

W'lun  .1  li.iU^htcr-H'uIi  us  is  aUml  to  di\it!e,  it  Ik-^mm.  t«» 
^weil  up,  .iiiii  It-*  viift'inatii  coils  b»c«'Hu-  1«k>sci.  .X-*  they 
s<  p.ir.i;''.  .1  ifitain  syninulry  is  sfin  in  thtir  .uiangenKnt 
(li^;  1'"  I  hf  i'»ils  n<iw  lutoine  strct^heil  in  llie  direction 
i.f  ihr  .i\i»  "\  the  t'viliirr  -.pii-.tllc  ili^;  i;).  liut  the  distortion 
is  \rry  s!-.  lit  i-jupinil  t.i  th.it  «-t  t!ie  i  -  rnsp  -lui:!!,;  st.i,.;c  in 
thr  fiKi  i.>;'\  lir  »!.iUL'l»ltr-inii  Ifus  I'l  thr  enibrvo-vic.  1  here 
the  \  .n.;  i!:i  irn"v"»!:ir-.  li.ive  .i  kn^ttnl  .in<!  Ntr.iinril  .i]i|KMr- 
.iiu».  aI.i  Ii     '   .*!».«  rit   fi'iii  ih  'M-  uc  .ue  c- •n^iiktin^;  (^1    |-'i^. 
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29  in  Part  I  with  Fig.  18  in  this  part).  Another  difference 
must  also  be  mentioned.  In  the  embryo-sac  the  young 
chromosomes  when  just  formed  from  the  spirem-ribbon  are 
of  different  shapes,  often  hooked  at  one  or  both  ends  (I,  Fig. 
29).  Most  of  those  formed  from  the  daughter-nucleus  of  the 
pollen-mother-cell  are  alike  and  of  a  perfectly  definite  shape, 
which  may  be  described  as  a  V  with  the  angle  bent  back 
(Fig.  18,  Nos.  I,  a,  3,  4,  5,  and  9).  This  is  the  characteristic 
form  of  the  diaster-segments  in  the  previous  division  (Fig.  14). 
A  few  are  irregfularly  twisted  (Fig.  18,  Nos.  6  and  7),  and 
others  still  show  the  median  bend  characteristic  of  the 
V-shape,  though  they  are  straightening  out  (Fig.  18,  No.  8). 
This  peculiarity  of  shape  suggests  that  the  daughter-chromo- 
somes of  the  first  division  have  retained  their  identity  within 
the  daughter-nucleus. 

The  chromosomes  do  their  best  to  form  an  equatorial  plate 
as  soon  as  the  spindle  is  formed.  They  are  necessarily  much 
crowded  together.  The  whole  pollen-mother-cell  was  barely 
large  enough  for  the  spindle  of  the  first  karyokinesis.  The 
chromosomes  which  take  part  in  the  second  are  fully  as  long 
as  the  mother-chromosomes,  though  less  thick.  But  the 
pyramidal  mother-cell  has  been  divided  by  a  partition  into 
two  compartments  of  awkward  shape.  The  spindle  formed 
in  each  is  usually  more  or  less  distorted  to  fit  it  (Figs.  20,  22). 
The  long  slender  chromosomes  have  to  fit  as  best  they  may 
into  the  equatorial  zone  of  this  spindle  (Fig.  20). 

This  crowding  together  of  the  chromosomes  on  the  spindle 
makes  observation  of  the  details  of  karyokinesis  somewhat 
difficult.  At  least  two  different  accounts  have  been  given 
of  the  way  in  which  actual  separation  of  the  chromosome- 
s^ments  takes  placed  I  have  found  thick  sections  useless, 
because  in  a  preparation  which  includes  the  whole  of  a  nuclear 
plate  one  chromosome  cannot  be  distinguished  from  another. 
Very  thin  sections  are  apt  to  be  misleading,  as  they  rarely 

*  (i)  Gaignard,  Nouvelles  £tades  sur  la  Fecondation,  p.  176  ;  J.  B.  Farmer, 
Ueber  Kemtheilung  in  Lilium-Antheren,  Flora,  1895,  p.  67.  (3)  Strasburgcr, 
Botanisches  Practicum,  III.  Aull.  p.  611. 
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include  a  complete  chromosome.  Sections  about  7-5  \l  thick 
from  Hermann-material  are  the  most  useful,  and  it  is  well  to 
com|>are  them  with  others  about  5  m  thick.  Fi^^s.  16-22  are 
drawn  from  such  preparations.  Of  these,  Figs.  20  and  22 
give  the  general  ap|)earance  of  the  nuclear  section  as  faithfully 
as  I  can  render  it.  The  others  are  slightly  diagrammatised 
by  the  omission  of  such  chromosomes  and  fragments  as  would 
make  the  figure  obscure.  In  doing  this  I  have  of  course  been 
influenced  in  retaining  or  omitting  detail  by  my  own  inter- 
pretation of  the  structure.  This  interpretation  is  based  on 
ver>'  careful  study  of  every  detail  in  the  karyokinesis. 

Most  of  the  chromosomes  retain  their  characteristic  shape 
throughout  the  prcxress  of  division  (Figs.  19  and  21).  The 
angle  c)f  the  V  lies  in  the  equatorial  plane  of  the  spindle,  and 
the  le^s  usually  point  outwards  or  towards  one  pole  or  the 
other  (Fig.  \^V  Occasionally  the  legs  point  towards  different 
|x»les,  and  then  the  V-sh.i|)e  is  lost,  though  the  chromosome 
retains  traces  of  its  original  form  (No.  H  in  Fig.  iH,  and  the 
middle  chromosome  in  Fig.  ny).  One  result  of  this  arrange- 
ment is.  th.it  when  the  chromosomes  of  a  whole  nuclear  plate 
are  seen  sideways  there  seem  to  be  more  than  twelve,  for  it  is 
easy  to  mistake  each  leg  of  the  V  for  a  sc[>arate  chromosome. 
The  uliolc  of  the  spindle  is  nnt  shown  in  the  nucleus  to  the 
ri^jlil  m!  \'\\\.  :^ .  \*'i  tilleen  fiee  ends  can  he  cmintei!  i»n  it. 
H<*siiles  ihi  \*  shap<'d  thit»in«»so!iies,  theie  arc  usu.dly  two  »»r 
tlirci  ID  (Mill  sjMi.ilie  ulii«h  are  ^-tiai^iht  i»r  irie^iil.uly  twisted. 
( )ne  en»l  «»!  ^-ucli  a  i  hi"iii' »>.oine  t  «>inmonly  lies  in  tlie  cipi.ttorLil 
pl.inr.  A\\A  l«»n;.;ilU(iin.il  (i^Njun  nf  the  sc  gnunts  licgins  llicre.  ,is 
is  the  c.isr  .il^.i  in  \c^;i  t.itivt  nuclei  1  he  "*c;;inentj%i'!  \  -slia|M*d 
chr«^m•>^«•ln^  .  .m-  .ils'»  !«»rineti  by  li»n^Mliulin.d  fiss|.»n.  but  tluy 
Im-^mii  t.t  s<  j)ar.i!»*  at  the  .injj!r  1 1*  i^;.  i\\  \\v\\<v  m">t  t»f  the 
dtastcr  -r^jint  :'.l  .  air  \-->ha)M  il.  hut  a  It  w  are  hi». 'ked  »  I  i^.  -li* 
1  he  ir, .  n  U  .1!.  'Ji  "!  the  «1 4u,;h!ci -nai  !ci  !i«'rT\  thi*  ilia?it<.r- 
s«^  nit  lit  .  ,  ■>«  •  n  Ml  tii«  i:s,..il  ua\,  and  is  siiiMtly  tollo\%cil 
\i\  :!.«  :  -ci.iti  :i  •  I  a  y^W  ual!  l»it\^een  tluin.  1  .uti  ot  the 
]■  r  «,;i:an!  >t  \\i\  in«>lh(  r-t  e!i  ii>iinds  itselt  off  and  begins 
an    "    !<jMii<:c;.t   c\l^t(n«^   as  a    >«Kin^;    (Millen-grain,  l>ut    for 
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some  time  the  envelope  of  the   pollen-mother-cell  is  still 
visible  round  each  group  of  four. 

We  have  now  traced  the  history  of  the  four  pollen-grain 
nuclei  through  all  the  steps  of  their  development  from  the 
nucleus  of  the  pollen-mother-cell-  We  have  seen  that  the 
chromosomes  of  this  nucleus  showed  at  one  period  a  com- 
plete division  into  two  segments  and  an  incomplete  division 
of  each  segment  into  two.  We  have  seen  the  two  s^ments 
separated  from  each  other  during  the  first  karyokinesis  of  the 
pollcn-mother-cell  nucleus.  It  is  natural  to  inquire  whether 
the  subsequent  division  of  these  segments  in  the  second 
karyokinesis  does  not  correspond  with  the  incomplete  fission 
visible  in  each  segment  before  the  first  took  place.  This 
question,  however,  I  am  unable  to  answer.  It  is  difficult  to 
believe  in  a  sudden  and  complete  change  of  structure  in  each 
chromosome  at  the  time  when  its  colouring  becomes  uniform 
(p.  202).  But  no  trace  of  fission  can  be  seen  in  the  segments 
after  that  period.  It  might  be  possible  to  trace  it  from  one 
karyokinesis  to  the  other  by  microchemical  methods,  for  there 
is  no  intervening  period  of  rest,  but  the  few  experiments  I  have 
tried  gave  no  conclusive  result.  Whether  the  daughter- 
segments  separated  during  the  second  karyokinesis  are 
formed  de  novo  shortly  before  separation,  or  whether  they 
date  back  to  an  earlier  period,  they  are  equally  the  result  of 
longitudinal  fission. 

Formation  of  the  Male  Pronucleus. 

The  young  pollen-grains  are  soon  set  completely  free  within 
the  loculus  of  the  anther  by  the  disappearance  of  the  mother- 
cell  envelope.  No  further  change  takes  place  in  the  nucleus 
of  each  grain  for  some  time,  during  which  the  exine  becomes 
thickened  and  beautifully  sculptured  on  the  outer  surface 
(Figs.  23  and  27).  The  pollen-grain  meanwhile  grows  con- 
siderably in  length  and  assumes  a  curious  shape  (Fig.  23  a 
and  b).  The  resting-nucleus  can  hardly  find  room  within  it, 
and  is  often  flattened  (Fig.  23  b\     There  is  a  deep  fold  in  the 
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cxinc.  and  the  inmost  part  of  it  continues  unthickened.  Thus, 
when  the  pollen -f^rain  swells  up  later  on,  there  is  a  thin  regioii 
in  the  otherwise  much  thickened  cxine,  which  is  shaped  h'ke 
a  narrow  pore  in  a  balloon  (Figs.  2  {,  27,  31). 

The  nucleus  of  the  |X)llen-grain  divides  once  before  it  is 
mature.  It  is  not  always  easy  to  hit  on  anthers  in  which  this 
division  ma/  be  seen.  Strasburger*s  classical  method  for 
determining;  the  stage  of  the  jxillen-mother-cell  nucleus '  is 
not  applicable  here,  for  the  exine  of  the  |K>llen-grain  is  already 
{xrrfcctly  ()|>aque.  and  even  if  the  stain  should  |xrnetrate,  the 
nucleus  would  not  be  visible.  I  could  not  succeed  in  making 
the  cxinc  transparent  by  the  use  of  chloral  hydrate  or  other 
clearing  agents.  It  is  out  of  the  question  to  cut  sections  by 
hand  without  previous  embedding,  for  the  poUen-grains  fall 
out  of  the  l«)culus  at  once.  Thus  the  only  plan  was  to  embed 
anthers  of  diflferent  ages  and  cut  test  sections  from  each  with 
the  microtome.  In  this  way.  after  many  failures,  I  .succeeded 
in  finding  the  |>ollen-grain  nuclei  in  the  act  of  dividing.  This 
(Kcurs  at  a  iK.Tio<l  when  the  anther  is  bright  orange,  but  before 
it  has  assume^l  the  characteriNtic  re<l  tint.  The  filament — 
hitherto  si>  sh'it  that  the  anther  may  be  calle<l  sessile  -has 
just  Ix'gun  t«»  gr(»w  rapidly 

'F*he  jHtilfnt'r.iins  in  which  nuclei  are  dividing  are  not 
ari.iTv/«tl  in  a  eiirs  uitliiii  the  1«ku1us  ( )n  the  contrarv.  i»ne 
( ont.iiirn/  a  -^n/le  re^tiiu'  inii.  Irus  mav  Ix-  ft>un<I  surri»uiule<l 
by  I'lhris  \\l):ih  pfc^i  nt  t  vcr\*  staj^r  <'f  tlixi^ion.  Here,  as  in 
tln"  fml>r\ -.-^.ii  .  thi  rr  is  i^»  ir^.dctu  iKlctit  r\  uleiu  e  l>v  which 
t«»  <!•  tt  Miiinf  th«-  srria(i«>ii  #.f  st.i^Ms  The  nuclei  are  small. 
*i\\A  tlure  IS  >.o!!)r  ilirtu'.ilty  in  obtaining  dear  ilttteri  ntiation 
by  tlu"  tifj.sn.i'v  **t.iiuin^;  iiuth>Klft  1  he  fi^;ur<s  whu'h  ^Mve 
c!f  til!  ■  I  :.;•»  : ',  :"t  .in*  al!  fr»'iii  the  same  ))reparatt>>fi  a  series 
nt  HI .  t  >n>^  ;  M  thick  itit  fr«*rn  tn.itf  f:.il  tixctl  111  ali'>»h>>lic 
UrTT!  I'lii  .  s-!i:ti  *\\  In  «'H"  nliilr  •  •!  tin*  Nt  riiN  the  st.iining 
l:.i^  Nr»!J  .1  •.  iiie-s,  a\\k\  .»'!  th«  drt.r.I  «  in  the  HtriKti»re  ot  the 
I  !h-  I!'  ^  »Ti;i  ^  .ire  <|U!tf  <Kar.  1  he  t  \  tuplasm  i**  \  ery  lightly 
I'lirei!    h'»>^i-.<r.    .iiid    t'-r    details    «»!    its    structure    I    have 
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referred  to  another  series,  cut  from  absolute  alcohol-material 
and  stained  with  Renaut*s  haematoxylic  eosin  (Figs.  24,  28). 

The  daughter-chromosomes  separate  exactly  as  in  vegetative 
nuclei.  Indeed,  this  is  the  most  typical  of  the  five  homotype 
divisions.  The  series  of  diagrams  headed  *  homotype'  in 
Plate  XI  are  founded  on  the  vegetative  karyokinesis  (I,  p.  451), 
but  they  might  have  been  drawn  equally  well  from  the  division 
we  are  now  considering.  The  longitudinal  fission  of  the 
chromosomes  is  perfectly  clear  (Fig.  27). 

Both  the  resting  and  the  dividing  nucleus  are  invariably 
found  close  to  one  wall  of  the  pollen-grain.  The  spindle  is  not 
unusually  short.  Its  long  axis  is  at  right  angles  to  the  cell-wall 
near  which  it  lies  (Fig.  28).  But  during  the  dispirem-period  the 
connecting  threads  look  as  if  they  were  crushed  between  the 
two  daughter-nuclei.  The  inner  one  is  now  much  nearer  than 
before  to  the  outer,  which  is  still  close  to  the  cell-wall. 

I  have  never  succeeded  in  seeing  centrosomes,  but  a  dif- 
ferentiated mass  of  cytoplasm  is  very  conspicuous  both  at  the 
inner  pole  of  the  spindle  (Fig.  28)  and  on  the  inner  side  of 
the  spirem-nucleus  (Fig.  24).  Radiations  can  often  be  traced 
from  this  mass  into  the  surrounding  cytoplasm.  The  latter 
shows  a  honeycomb-structure  very  clearly  (Figs.  24,  28),  but 
this  may  possibly  be  due  to  imperfect  fixing.  The  exine  offers 
considerable  resistance  to  the  penetration  of  fixing  agents. 

The  two  daughter-nuclei  continue  to  lie  very  close  to  each 
other  for  some  time  after  the  connecting  threads  have  dis- 
appeared. A  diff'erence  in  size  very  soon  becomes  apparent. 
The  generative  nucleus  is  the  smaller,  and  in  the  mature 
pollen-grain  it  is  enclosed  within  a  lens-shaped  naked  cell 
(see  M.  Guignard's  beautiful  figure :  Nouvelles  Etudes, 
Plate  X,  Fig.  27).  During  the  interval  between  the  forma- 
tion of  two  daughter-nuclei  and  the  dehiscence  of  the  anther, 
each  pollen-grain  swells  so  that  the  outline  of  its  equatorial 
section  is  circular,  and  it  also  grows  larger  (cf.  Fig.  30  with 
Fig.  28).  No  change  takes  place  in  the  structure  of  the  two 
resting-nuclei  until  the  pollen-grain  reaches  the  stigma  where 
it  will  germinate. 
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I  have  often  watched  hive-bees  visiting  plants  of  Lilium 
Martagon  in  search  of  honey.  The  flower  when  it  first  opens 
hangs  downwards,  the  petals  arc  quite  flat,  and  the  stigma 
is  seen  below  them  like  the  clapper  of  a  bell.  It  is  consider- 
ably longer  than  the  stamens.  Later  on  in  the  same  day  the 
petals  curl  up,  leaving  the  circle  of  anthers  exposed  round  the 
long  |>endulous  stigma.  The  three  older  anthers  usually 
dehisce  about  this  time.  Next  morning  all  the  anthers  have 
dehisced,  but  the  stigma  still  hangs  downwards.  A  bee  in 
search  of  honey  climbs  in  by  the  petals  and  clings  to  the 
stamens  while  it  is  sucking.  Thus  the  under  tide  of  its  body 
gets  well  dusted  with  (>ollen  from  the  versatile  introrse  anthers, 
but  the  stigma  is  untouched.  On  the  third  morning,  however, 
when  the  anthers  h.ive  shed  most  of  their  pollen,  the  style 
bends  upwards,  and  forms  a  convenient  perch  on  which  the 
honcy-sceking  bee  may  alight.  In  this  way  it  is  sure  to  be 
touched  uith  |K>llen  from  the  lower  i>art  of  the  bee's  body. 
Bees  invariably  l)egin  with  the  lowest  flower  of  an  inflorescence 
and  work  upwards.  Cross-fertilizatirm  is  ensured,  as  in  the 
Foxglove,  by  the  proterandr)*  of  the  flowers  and  their  ceotri- 
|)etal  arrangement  on  the  stalk. 

The  stigma  of  Lilium  Martagon  is  thrce-lobed,  and  each 
lobe  is  iiutlined  by  a  depression  in  the  sti^matic  surface.  It 
is  aU<»  biMitcti  for  a  part  t»f  its  Un^th  by  a  ckft.  the  three 
clefts  meeting:  in  the  «.rntrr  of  the  stigma  and  running  down 
inti»  the  th.iniul  «•!  tiir  style  (Fig  iv)  On  either  side  of  each 
cirft  is  A  sli;;ht  riti^c,  Covered,  like  the  rest  of  the  stigmatic 
surt.ice,  Hith  stigmatic  hairs.  More  |H>llen  ii  commonly 
(JrjH»sitc(l  «»n  thr  ridges  bordering  the  tu<»  up|>er  clefts  in  the 
npturnnl  stigma  th.in  «>n  the  ridges  of  the  third. 

It  is  a  LiUirious  business  .it  best  to  hunt  for  i)i\iding 
gcrur.ituc  niuhi  in  |Millcn  tulies  creeping  among  stigmatic 
h.tii^  I  h.ivr  uientitu-d  sikIi  st.igrs  most  easily  in  hand* 
sections  (r«in  .i!i"hol-rn.iteiial.  '1  he  stigrn.i  is  cut  (rom  the 
st\l(-  .4^i•ut  a  inilliinctrr  )}cl<'\%  the  stigmatic  surface,  and 
tht  thi(.k  s'.Kc  thus  obtaiiud  is  utaineil  (n  hU\  with  a  dilute 
s  iliition    «.t    .Ma\rr's   hairnaluin  in   -i         |>otash  alum.     It  is 
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dehydtated  in  the  usual  way,  cleared  in  clove^il,  and  examined 
in  xylol  under  a  simple  microscope.  The  lobes  are  separated, 
and  those  only  are  used  which  are  well  covered  with  pollen- 
grains.  Sections  are  cut  between  slices  of  pith  in  a  direction 
perpendicular  to  the  cleft  in  the  lobe,  razor  and  material  being 
kept  wet  with  xylol.  The  sections  are  mounted  at  once  in 
Canada-balsam,  and  examined  with  an  immersion  objective. 
It  is  easy  to  find  pollen-tubes  and  germinating  pollen-grains 
containing  the  generative  nucleus  in  the  spirem-condition 
without  nucleolus  or  nuclear  membrane,  but  later  stages  are 
rare.  Some  stigmas  which  had  been  cut  and  fixed  between 
half-past  one  and  two  o'clock  on  a  sunny  day  gave  me  the 
best  results. 

Very  soon  after  the  poUen-grain  reaches  the  stigma,  the 
^rem-ribbon  is  diflerentiated  in  the  generative  nucleus.  The 
vegetative  nucleus  continues  in  the  resting-state  (Fig.  30). 
The  pollen-tube  grows  out  at  the  place  where,  as  we  have 
already  seen,  there  is  a  ihin-walled  stripe  or  gore  in  the  exine 
(Figs.  30  and  30  a).  It  pushes  downwards  among  the  stigmatic 
hairs,  on  the  top  of  which  the  poUen-gtain  rests.  The  tube 
twists  over  and  round  these  hairs  until  it  reaches  their  base 
and  crawls  between  them.  When  the  pollen-grain  is  thus 
firmly  anchored  to  the  stigma,  its  nuclei  enter  the  tube,  the 
v^etative  nucleus  usually  going  first  ^.  Sometimes  the  upper 
end  of  the  pollen-tube  remains  within  the  exine  until  the  cell- 
contents  have  travelled  away  from  both.  In  other  cases  the 
exine  may  fall  ofi*  (as  in  Fig.  31),  and  the  turgid  pollen-tube 
stand  nearly  upright  on  the  stigma  (/.  /.  Fig.  31).  The 
division  of  the  generative  nucleus  is  most  easily  observed 
when  it  takes  place  within  such  an  up-standing  tube  (Figs.  32, 
33},  or  when,  as  sometimes  happens,  the  pollen-grain  has  fallen 
on  the  very  edge  of  the  cleft  down  which  it  must  plunge,  so 
that  its  course  is  perfectly  straight  from  the  beginning.  Very 
often,  however,  this  division  is  postponed  until  both  nuclei  are 
creeping  among  the  bases  of  the  stigmatic  hairs  ;  in  that  case, 
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With  Plates  XU  and  XHI. 


MnRrHf>IXX;Y   and   REPRODftTION. 

THE  amount  of  histolo^^ical  difTcrcntution  is  very  slight 
throughout  the  entire  ^roup:  parenchymatous  tissme, 
resulting  from  the  complete  union  on  every  outface  of 
hexagonal,  more  or  Ies<«  isociiametric  cells,  so  characteristic 
of  the  *  cortex  *  or  external  stratum  of  the  ascophore  in  other 
groupii  of  ihr  l>iNComycetcs.  is  entirely  ab5ent  from  the 
mcinbern  of  the  (fei>t;los\eac  ;  and  in  Si>mc  of  the  most 
primitive  H|K:iic>.  as  ittoi^losiiim  ktrsufum.  there  is  no  clear 
line  tif  demarcation  iK'lueeii  the  fertile  or  a^^ci^erous  (xirtion 
of  the  .isiophori-  an<l  the  sterile  or  stem-like  lia.se.  The 
stem  \x\  all  known  s|m'i  Irs  is  elon^atcti  .md  Si>mcuhat  >lendcr, 
and  Consist'*  ot  \  bundle  of  slender,  tran^veisely  >rptatr. 
UAually  unl>.Mrulied  hyphae.  uhch  are  parallel  and  denncly 
|>aiki-ti  t(>^;cthrr  at  the  |M*riphery.  and  iK'comc  lax  and  more 
or  less  tntrfuiivrn  at  the  centie.  If  a  tiansverNC  ik-ctii»n  i>f 
a  \<*iitt.;  <«t(  III  Is  <-\.iintned  under  tlie  miirosco|>o  it  \%ill  l>e 
seen  th4t  ihr  ci>m)>onent  cells  sr|urate  readily  from  each 
other   It'   the    i  over  ^jlass    is    m«'Ved    laterally,   whereas    in    a 
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mature  stem  the  peripheral  cells  are  bound  together  by 
a  ground-work  of  mucilage  derived  from  the  gelatinizaticm 
of  the  outer  layer  of  the  cell-walls.  The  axial  cells  of  the 
stem,  and  also  of  the  asdgerous  portion,  usually  become 
completely  resolved  into  mucilage,  which  remains  in  the 
cavity  thus  produced.  In  dry  weather  the  plant  is  fairly 
rigid,  owing  to  the  persistent  hyphae  of  the  *  cortical'  or 
peripheral  portion  being  cemented  together  by  the  indurated 
mucili^,  whereas  in  rainy  weather  the  entire  fungus  is  lax 
and  slimy,  the  dissolved  mucilage  dripping  away  in  some 
species.  The  velvety  or  squamulose  surface  of  the  stem 
present  in  some  species  is  due  to  the  outgrowth  of  the  free 
ends  of  the  ascending  peripheral  hyphae  (Fig.  86). 

The  hyphae  of  the  stem  pass  without  any  modification  to 
form  the  terminal  club-shaped  or  pileate  ascigerous  portion, 
which  is  more  or  less  hollow  or  spongy  towards  the  centre, 
the  h3rphae  branching  and  forming  a  densely  interwoven 
periphoral  layer  or  hypothecium,  the  numerous  free  ends 
of  which  either  grow  out  into  asci  containing  the  spores,  or 
continue  as  vq^etative  hyphae  known  as  paraphyses.  The 
component  cdb  of  the  h)rpothecium  show  protoplasmic 
continuity  very  distinctly  (Fig.  53).  The  asci  and  paraphyses, 
closely  packed  side  by  side,  form  the  superficial  layer  or 
hymenium,  which  covers  the  entire  surface  of  the  fertile 
portion  of  the  ascophore.  In  Geoglossum  hirsutum  and  its 
several  varieties,  there  are  present  in  the  hymenium,  in  addition 
to  the  asci  and  paraphyses,  numerous  black,  pointed,  rigid 
hyphae  which  resemble  porcupine-quills  when  seen  under  the 
microscope;  these  spines  project  beyond  the  general  level 
of  the  asci,  and  are  also  present  on  the  stem,  giving  the 
entire  fungus  a  minutely  velvety  appearance.  When  quite 
young  these  spines  are  hyaline  and  sparsely  transversely 
septate ;  as  growth  proceeds  the  cell-wall  becomes  black, 
opaque,  and  rigid  (Figs.  10  and  31  ci). 

These  spines  are  morphologically  identical  and  homologous 
with  the  bodies  called  metuloids  by  Cooke  \  that  arc  met 
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with  in  the  hymcnium  of  the  lowest  types  of  the  Rasidio- 
mycete**.  as  Hymemxhaete^  where,  as  in  Ceoglossum^  the  spines 
are  rigid  and  colon reti.  and  project  above  the  general  le\'el 
of  the  hymcnium,  giving  it  a  velvety  appearance,  and  {)ossibly 
extrcLsing  a  protective  function  in  preventing  the  surface  of 
the  hymenium  from  being  eaten  by  minute  snails,  &c.,  as  is 
the  case  with  the  unprotected  hymenium  of  the  allied  genera 
Cortuium  and  Stcreum,  In  Peniefhora^  a  genus  di^scly  allied 
to  HymenochaeU,  the  spines  arc  colourless,  not  so  rigid  and 
the  surface  of  the  exposed  portion  when  old  is  usually 
incrusteil  with  particles  of  oxalate  of  lime.  From  this  type 
of  structure  of  the  spines  we  {>ass  on  by  a  gradual  transition 
to  what  are  known  as  cystidia ;  large  sterile  cells  of  various 
shajKs,  present  in  the  hymenium  of  many  s|)ecies  of  the 
Agaricineac.  The  primitive  spine-like  form  of  structure 
present  in  (icoglo%ium  als**  cnrcurs  in  the  simplest  known  types 
of  other  group>  of  Fungi,  as  the  Ilydneae,  Clavarieae,  &c. 

The  a»»ci  are  clongatetl  and  narrowly  clavate,  the  apex 
somewhat  narrowed,  thick-walled,  and  furnisheil  with  an 
apical  plug  of  a  Mib>tance  which  becomes  coloured  clear  blue 
when  trr.iteil  with  a  solution  of  iodine  (Fig.  11^.  According 
to  li*iudiri'.s*  systrin  i>f  i  l.issification.  the  fIcNhy  1  )i*comycctes 
.irc  liiviilcti  \^^\^^  t\\«»  prini.iry  groups  de|>ending  on  the  nu»de 
!»!'  <irhiNiriur  of  th<-  .i»«ci.  Ihe  (ici»^losstMe  In-long  ti>  the 
/'/*/i/./</  V.  V  h.i;.u!c*ii/««!  !)y  the  aw  i  I'jK-ning  at  llu-  ajH-x  by 
a  ^in.iil  lifvul.ir  ••jMtiiii^;  li.ixing  a  Lii**!**!.  ti»rn  margin,  or 
by  AW  rlii'.  ;.»tril  A\\  .  ihr  fu;»tufr  Uiiig  cfTo  tid  by  the  swelling 
if  llir  .ij'iial  p!.:,:  thit  lMi'>iiu*s  !>lue  with  iinlinc  » Fig.  ^4). 
It)  th*  •iii'.'iui  jM'Jp.  t.illrtl  the  (Yrnn/i's.  dchiNcrncr  takes 
I'lii*'  iti  .1  I  If  »iii«k  is-ilc  m. inner,  tin-  aj>r\  «'f  the  ascus 
•rji.4r.4tin/  a!«»r:/  a  i  Irarlv  «lchnrt!  line,  likr  a  lid.  uhich 
ntlii  r  !.il!  «  .•iiv,>l't«  I\  aw.iv.  i>r  rcMUainH  all.uho!  by  c»ne  side, 
I'-k:!'.,;  \\kv  .ifi  iijitaisrt!.  hjn^;r.!  li.i  afl«r  «!rluNirn»e  1  he 
A^i  iS'ilru"  .iti   t\|»ual  «\amp!rHi»i  thr  ('/*ifii«.'.  i 

n-.i  rr  .ir«-  n   riii.il'.y  ri^;!it   sj»*in%  in  an  a%<iis  ;  in  the  lowest 
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types  these  are,  as  is  usual  throughout  the  Fungi,  large  and 
coloured,  also  multiseptate  and  arranged  in  a  parallel 
fascicle  in  the  ascus — ^this  is  the  condition  of  things  in  Geo^ 
giossum ;  in  SpuUhidaria  the  spores  are  of  the  same  type  of 
structure,  but  h3raline  or  colourless.  In  Mitrula  the  spores 
are  much  smaller,  hyaline,  having  few,  or  in  some  species  no 
scfpta,  and  are  arranged  in  two  rows  in  the  ascus.  Finally,  in 
the  monot)rpic  genus  NtoUcta^  from  Brazil,  the  spores  are 
minute,  globose,  hyaline,  and  arranged  in  a  single  row  in  the 
ascus.  In  many  species  the  spores  are  ejected  elastically 
at  maturity,  but  are  often  prevented  from  being  diffused  at 
once  by  the  slime  present  on  the  hymenium.  In  the  aquatic 
species,  Vibrissea  truncorum^  the  spores  protrude  from  the 
ascus  when  mature,  and  are  dispersed  by  the  water. 

No  species  belonging  to  the  Geoglosseae  has,  so  far  as  is 
at  present  known,  a  oonidial  form  of  reproduction. 

All  the  species  are  saprophytes,  growing  on  the  ground 
or  on  dead  leaves,  &c.,  in  damp  places,  and  some  few  species 
are  aquatic 

Beiuing  on  the  vexed  question  of  sexual  reproduction  in 
the  Discomycetes,  the  researches  of  Tulasne^  on  Ascobolus 
furfuraceus  and  Peziza  melaloma^  Woronin  *  on  the  structure 
and  development  o{  Ascobolus  pulcherrimus^  and  De  Bary'*  on 
Peziza  {Pyrottema)  coftfluens^  are  well  known,  as  is  also  the 
refutation  of  these  respective  statements  by  Brefeld*,  who 
denies  the  presence  of  sexual  organs  of  functional  value  in 
the  entire  group.  Van  Tieghem^  has  also  brought  some 
strong  evidence  to  bear  against  De  Bary*s  sexual  theory. 
Finally,  Dangeard*  has  quite  recently  discovered  what  he 
considers  to  be  an  undoubted  method  of  sexual  reproduction, 
present  not  only  in  the  Ascomycetes,  but  in  the  Fungi  generally. 
The  constant  characteristics  of  this  mode  of  sexual  repro- 

»  Ann.  Sd.  Nat.,  S^r.  V,  Tom.  VI  (1866). 

*  Beitr.  x.  MorphoL  and  Physiol,  PiUe,  Heft  II. 

*  Morphol.  und  Phytiol.,  Pilze,  162-164. 

*  Bot.  Unten.  uber  Schimmelpilze. 

*  Traits  g^tel  de  Botanique,  ed.  II,  pp.  113a  and  1 166. 

*  Le  Botaniite,  IV,  ai  (1894). 
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duction  arc  said  to  be  as  follows :— ( 1)  the  existence  of  distinct 
gametes  ;  (2)  the  fusion  of  nuclei ;  (3)  the  determinate  number 
of  bipartitions  of  the  sexual  nucleus. 

This  moiic  of  sexual  reproduction,  so  far  as  the  Asco* 
mycetes  are  concerned,  was  first  clearly  obser\'ed  by  Dangeard 
in  Pezisa  vesiculosa^  Hull.,  and  may  be  briefly  summarized 
as  follows: — 

The  stroma  or  hypothecium  gives  origin  to  the  xsci  and 
paraphyses:  the  latter  are  simply  unmodified  filaments  of 
mycelium,  and  require  no  special  notice ;  on  the  other  hand, 
each  ascus  owes  its  existence  to  the  presence  of  an  oospore, 
which  originates  as  follows  : — 

Two  filaments  approach  each  other  until  they  are  in 
contact  at  the  tips,  the  apical  cell  of  each  contains  a  single 
nucleus ;  thc^e  are  the  two  gametes,  male  and  female 
res))cctivcly ;  the  apical  cells  of  these  gametes  anastomose 
or  conjugate,  their  pn>toplasm  mixes,  and  the  two  large 
nuclcolate  nuclei  fuse  almost  immediately,  forming  the 
oi»sjK>rc,  which  (Kcupies  the  extremity  of  two  conjugating 
fibments.  Finally  the  a|)cx  of  the  oos|y>re  elongates  and 
grows  into  an  ascus,  into  which  the  nucleus  ascends  and  by 
rc{K*atc(i  bipartition  produces  a  nucleus  for  each  s|x>re  con* 
taincd  in  thr  ascus  « Fi^.  k^x^, 

hnnudi.itcly  following  the  al>»»\c  .statement.  1  )an^e,ird 
adds,  as  a  lider.  that  in  aiidition  to  the  pKHlucti'-n  ol  the 
oosjHirc  by  the  lonju^'.ation  <it'  two  (listini't  gametes,  he  has 
t»bservrd  that  in  /V-/.M  if^uuhs.i  the  iM>sporr  is  somrttmes 
formed  bv  the  hi>ion  iif  the  contents  uf  l\\i»  adiacent  cells 
rrfthe  s,)tne  hypha  .  this  admission.  althi>u;;h  sj^cakin^;  volumes 
f«ir  the  iinh:a>N('(I  (!i>]Mi>iti< -n  of  the  author,  rather  <  lashes 
uith  ftic  of  the  thiee  tunilaiiuntal  i<»nstants  of  hi.n  tluoiy 
f>f  scxiMJ  repr-*  luetion,  \i/.  the  existence  ut  distinct  ^:anu  tes. 

I  l»avr  iN.niiMii'l  /*<.•;..!  ;  ^j;4  wAi.i.  aiu!  also  other  >jm-vics 
l^rlorv/in;'  t  »  th**  I  h^i'»Inv^.etes.ant!  have  luen  able  to  i-'nfirm 
I  >anj:r.iril  s  st.iti  iiutits  ti  latin^;  t«»  the  oiijjiii  of  the  avi.  l>*»th 
fr<  in  tl.i-  1  o:i;.;,;.ition  «*t  two  iiuir|>cn(lcnt  hyphae  and  als«i 
troiii  a  »in,;le  h\-plu,  but  at  the  s.ime  time   I   regict  tt>  say 

K  i 
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that  I  cannot  accept  his  interpretation  of  the  process  for 
the  following  reasons: — 

During  a  microscopic  examination  of  the  species  of  Penio- 
phora  and  Hymenochaete  undertaken  some  years  ago,  I  was 
very  much  struck  by  repeatedly  observing  the  metuloids  or 
spine-like  hymenial  appendages  to  be  furnished  with  a 
bifurcate  base.  Failing  to  offer  a  satisfactory  explanation 
of  this  curious  structure,  the  matter  passed  from  my  mind 
until  the  appearance  of  Dangeard's  figures  illustrating  the 
conjugation  of  his  gametes.  Returning  to  the  subject,  I  found 
that  in  Peniaphara  velutina  the  spines  certainly  did  originate 
from  the  fusion  of  two  distinct  hyphae,  but  the  conjugation 
occurs  deep  down  in  the  interwoven  substance  of  the  subi- 
culum,  and  is  altogether  too  minute  to  show  with  certainty 
the  fusion  of  the  nuclei  to  form  Dangeard*s  so-called  oospore. 
It  may  here  be  stated  that  Cooke  has,  years  ago,  described 
and  figured  ^  the  metuloids  of  Peniophora  with  a  bifurcate 
base.  I  have  also  ascertained  that  the  spines  in  the  hymenium 
oi Hymenochaete^Veluticeps^KnA  Geoglossum  hirsutum  originate 
from  the  fusion  of  two  hyphae.  Considering,  as  already 
stated,  that  the  gigantic  cells  known  as  cystidia,  present  in  the 
hymenium  of  numerous  species  belonging  to  the  Agaricineae, 
are  homologous  with  the  metuloids  of  Peniophora  and  Geo- 
glossufu^  these  were  examined,  and  in  Coprimis  atramenlarius 
showed  very  clearly  the  whole  of  the  process  as  described  by 
Dangeard,  the  approach  of  two  independent  hyphae  until 
their  apical  cells  were  in  contact,  the  fusion  of  these  two  cells, 
also  of  the  two  nuclei,  finally  the  growth  of  the  gigantic  cell 
or  cystidium  from  the  oogonium,  and  the  wandering  of  the 
nucleus  into  the  cystidium  (Fig.  91). 

This  peculiar  structure  of  the  cystidia  being  supported  on 
two  *  gametes*  has  also  been  previously  recorded  and  figured 
by  W.  G.  Smith  ^  who  writes  as  follows: — *  In  conclusion, 
I  will  advert  to  the  way  in  which  the  cystidia  in  Gomphidius 
are  borne.     In  many  instances,  if  not  in  all,  they  arise  from 

»  Grevillca,  VIII,  21,  PI.  125,  f.  16,  1879. 
«  Ibid.  X,  79,  Fig.  J.,  1 881. 
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two  conjoined  cells  as  at  J.     I  have  not  seen  basidia  so  arise, 
and  it  looks  superficially  like  what  is  termetl  conjugation.* 

It  may  be  argued  that  cystidia  and  mctuloids.  being 
hymcnial  api)endages,  arc  degraded  basidia  or  asci,  and  thus 
their  origin  from  conjugating  filaments  does  not  throw  doubt 
as  to  the  sexual  nature  of  the  process.  To  meet  such  a 
t)osstbility,  evidence  of  conjugation,  illustrating  all  the  details 
of  the  process  as  described  by  Dangeard,  can  be  obscr\'cd 
on  a  grand  scale  in  the  formation  of  the  large  hairs  covering 
the  exterior  of  the  ascophorc  in  s|x:cies  of  Ascoholus^  Laihnta^ 
Humitriti^  &c.  Now.  in  selecting  protective  hairs  as  evidence 
of  the  broadly  distributed  nunie  of  formation  of  organs  by 
conjugatii>n,  I  think  such  cannot,  by  any  amount  of  ingenuity, 
be  considered  as  aborted  spore-producing  structures,  but  as 
purely  vegetative  parts  of  the  ascophore.  Figs.  93,  94,  and  95 
illustrati-  the  m^Kle  o!  «>ri^in  of  the  hairs  fn)m  the  ascophore 
€%{  I.athnfa  albo-apaduia,  IMullips;  using  the  terms  employed 
by  Dangeard.  the  parts  of  the  figures  indicated  would 
stand  as  fttllows:  «i,  gametes;  A,  (»ospore  (not  complete  in 
Fig.  v3.  «i*  the  tv\o  nuclei  have  not  yet  fu>ed»;  r,  the  hair, 
which  is  a  tlirect  outgrowth  of  the  oospore.  Probably  any 
s|>ecies  of  I  aihufa  or  pilose  Asccholus  would  give  the  s;ime 
results.  .1^  the  ^;iv;aiitic  spinulosc,  thick -walled  hairs  borne  by 
thcsr  •'jMtic.s  h.ivr  tlu-  ba-e  fuuatc.  Thf  reailcr  is  referred 
t«»  tlu  niiim  M»u-'  ti;,;uffs  of"  h.iirs  frt«ni  tht  l>isconu*cetes  given 
in  ("oi.k  •»  M\<  ••  r.i;  Im.i,  ^.hnwitu'  the  lurc.itc  base.  Fin.dlv 
the  fur;. us  ealNd  (  ;/;./»;./  Z:.  ■•.*/;.*,  l»y  H«»Utlier  V  is  so  namctl 
on  .uc'»imi  iif  the  bi^i.spui  t»i  forked  luse  of  the  large  hairs 
preM-nt  •»»  tlu    m.ii.;iTi  an*!  i»ut>ii!e  <»f  the  asv<>pliore. 

I  I'.e  alr»\r  "l»-ei  V  at  ions  sh'»w  th.it  the  c«M!eNtence  ol  the 
apical  veils  c»l  l\\i  lis^l:nct  hypliae  <!•  kn  not  pr.«\<-,  in  all  *asrs. 
that  tl'.rse  hvph.ie  are  ;;aineles,  \\\  the  usual  vum*  in  uhuh 
that  term  i.  enr.loved.  .S< «  •>ii<!Iv.  tliat  tlir  c«»alesceuec  of 
two  tills  tlu-  f!it\iii,;  i.f  their  proii.jilasrn.  an«i  the  fusion 
»»1  ihrir    la.t  1m.  iI.ks   not    necessarily  c«'n»tilulc  an  i^>H|K»re  ; 

I  -.      -  .      \U.     ^:-      -.  \II     I,.  I  .    111.  I    I,   !*./» 
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and  that  under  certain  conditions,  where  these  two  conditiona 
are  fulfilled,  a  purely  vegetative  structure  is  produced  as  the 
result  of  sudi  conjugation ;  consequently  there  is  no  evidence 
to  prove  that  &e  conditions  described  by  Dangeard  as  con* 
stituting  a  sexual  act  in  the  formation  of  the  asci  in  the 
Ascomycetes  are  such  in  reality. 

In  some  of  the  largest  hairs  present  on  the  species  of 
Lacknem  it  is  not  unusual  for  three  'gametes'  to  fuse  at  the 
tips  to  form  the  'oo^wre,'  and  during  the  increase  in  nze 
of  the  hair  growth  is  oftrai  very  unequal  in  the  swollen  basal 
portion,  or  '  oospore,'  v^ch  frequently  results  in  the  supports 
or  'gametes'  being  separated  from  each  other,  and  carried, 
apparently  for  some  distance,  up  the  hair,  which  then  presents 
the  appearance  of  a  stem  with  three  root-branches  starting 
at  slightly  diflerent  levels.  Owii^  to  local  growth  at  the 
basal  porrion  of  the  hair,  even  when  only  the  usual  two 
*  gametes '  are  present,  these  not  unfrequently  eventually  stand 
at  different  levels,  and  as  the  hair  increases  in  size  and 
becomes  thick-walled,  tiie  '  gametes '  also  become  indurated 
and  coloured. 

The  most  successful  ineparations  for  demonstrating  the 
points  of  structure  described  above  were  obtained  by  first 
placing  portions  of  the  gills  of  a  very  young  C<^rinus,  or  the 
entire  young  plants  of  Lachnea,  for  four  hours  in  a  saturated 
solution  of  corrosive  sublimate,  to  which  a  trace  of  acetic  acid 
is  added.  After  quickly  washing  in  tap-water,  the  material 
is  placed  in  absolute  alcohol,  where  it  can  remain  for  an 
indefinite  time.  Sections  are  first  placed  in  a  very  slight 
aqueous  solution  of  m'grosin  containing  4  per  cent,  of  acetic 
acid,  and  afterwards  transferred  to  a  stronger  solution  of 
nigrosin  alone ;  here  they  may  remain  for  twenty-four  hours, 
when  they  should  be  examined,  and  again  replaced,  if  the 
nuclei  are  not  sharply  differentiated.  The  material  would 
probably  be  best  put  up  in  balsam ;  mine  were  spoiled  as 
permanent  preparations  by  mounting  in  equal  proportions 
of  glycerine  and  water,  with  a  trace  of  carbolic  acid. 

The  above  observations  seem  to  surest  the  idea  that  when 
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specially  larjje  organs,  such  as  asci,  cystidia.  or  hairs,  have 
to  be  produced,  a  usual  method  of  cfTccting  this  is  by  the 
amal^^amation  of  the  apical  cells  of  two  indcfHrndcnt  hyphac. 

The  recent  researches  of  Harper^  on  the  sexual  mode  of 
reproduction  in  Sphacrotluca  Castaj^nei  tend  to  show  that 
the  obser\'ations  of  I)e  liary  bearing  on  the  question  of 
sexuality  in  the  Ascomycetes  were  in  the  main  correct ;  never- 
theless Harper's  more  detailed  account  rather  u{)sets  the 
generally  accepted  idea  that  the  Ascomycetes  are  derived 
from  the  Phycomycetes,  he  having  shown  that  in  Sphaero* 
thfca — the  genus  which  more  especially  led  De  Bary  to 
entertain  this  view — after  fertilization  of  the  carpogenic  cell, 
a  scries  of  superposed  cells  is  formed,  and  from  one  of  these, 
and  that  not  the  terminal  (me,  the  ascus  is  formed  ;  hence 
the  ascus  in  SpJuwrotht'ca  is  not  directly  homologous  with 
the  oogonium  (»f  the  Phycomycctes. 

It  is  the  tendency  at  prcNcnt  to  endeavour  to  trace  groups 
pre>enting  a  general  m<»rph(>l<>gical  resemblance  to  a  common 
origin  ;  nevertheless,  the  large  group  of  organisms  described 
by  Thaxter*  under  the  name  of  Laboulbeniaceae  are  morpho- 
logically characteristic  Ascomycetes;  yet  the  universal  sexual 
m<Kle  of  repr<Kluction  in  this  group  by  non-motile  antheridia 
and  trich<»gynes  is  essentially  Floridcan  in  character,  and 
dinfuult  to  i(<«>iuilc  with  the  sexu.il  pn>cess  as  desciibed  by 
IIarjM*r  in  .s/^//#// /.  //^«««i,  alM>  a  typic.il  Ascomyorle,  and  set-ms 
t«»  ncic-^sitatf  tl-.c  .Kiinission  that  wh.it  we  at  present  term 
AsoMiivtftrs  will  pii»\e  to  In-  .1  hrtcri»gt ntous  assemblage, 
and  th.it  thr  siij;;Ic  Unnl  of  agirenunt  the  pro<liicti«»n  of 
a!K:.»^jM>rr*i  t!  »<-.s  n«»t  necessarily  indicate  a  unity  of  origin 
of  the  in«  rnbcis  possessing  this  feature. 

*  I  »if    III**;   •'■"■•c    -?r«    Ir«:ihc.t»mi    \*\    s.  hj|ff,jihc»a    C  *»j«i;nfi.    Ik?     d. 

i»r,.j».».  r. !  <.^^>:fc^  r.i  \in  iirf!  10. 47*.  i**!* 

I'rVr  ''»^  \  rf '  «*!'•    'rt  Krf:.r  tv> i  '*.' r  ^  ri:v  }»trt»!%i  I.  krlcnj;  rtnjjjrr  AK"m*..nrti, 
ItiT^x     I»hrN    I**./..  '11.    laf     \l    \II 

*  <  '•■:.!    !.         •wji'l*    »   X!.-..|jra;h    uf   llic    I  Al«i'j'.l*:.iA*f»',    Mem.    Ancf. 
Ar*!  .  \i:    S       I  I  '.  I**/. 
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Affinities. 


The  constant  characteristics  of  primitive  t>'pcs  of  Fungi  in 
the  variouf  families  of  both  Ascomycetes  and  Basidiomycctea 
are(t}  comparative  absence  of  diflferentiation  of  the  sporophorc, 
and  (a)  large  coloured  spores,  the  latter  being  often  also  multt- 
aeptate  and  the  epispore  more  or  less  ornamented.  The  genus 
Geegtossttm  possesses  these  features  in  a  very  pronounced 
fonn ;  the  ascopbore  is  a  simple,  erect,  more  or  less  club- 
shaped  structure,  the  upper  portion  of  which  is  fertile,  the 
thiimer  basal  portion  sterile,  and  called  the  stem.  In  G.  kir- 
tulum,  the  simplest  form  known,  the  transition  from  the 
sterile  to  the  fertile  portion  is  not  indicated  externally ;  in 
the  other  species  there  is  a  very  sl^ht  ridge  at  the  com- 
meacement  of  the  ascigerous  portion.  The  spores  in  all  the 
spedes  are  large,  brown,  and  multicellular;  but  there  is 
a  gradual  decrease  in  the  size  of  the  spores  and  in  the 
number  of  component  cells  from  G.  kirsutum,  where  the 
spores  are  almost  as  loi^  as  the  ascus,  and  consist  of  fourteen 
cells,  to  the  G.  ghtiinosum  group,  in  which  the  spores  are 
shorter,  and  generally  four-<»lled.  In  all  the  species  of 
Geogtossum  every  part  of  the  plant  is  black  externally. 

Following  directly  we  have  the  genus  Milrula,  the  black 
species  of  which  are  externally  quite  indistinguishable  from 
the  species  of  Geoglossum,  but  are  supposed  to  be  genertcaily 
distinct  on  account  of  the  somewhat  shorter,  hy^ine  spores, 
which  in  the  simplest  forms  are  often  four-celled,  and  in  the 
highest  forms  have  become  very  small  and  one-celled.  In 
Mitrula  the  terminal  ascigerous  portion  becomes  more  sharply 
defined  from  the  stem,  and  is  also  often  brightly  coloured, 
every  portion  being  covered  by  the  hymenium.  The  next 
genus  in  the  sequence  of  evolution  is  Leotia,  which  agrees 
with  Mitrula  so  far  as  the  spores  are  concerned,  but  differs 
in  the  form  of  the  ascigerous  portion,  which  is  more  or  less 
pileate,  or  shaped  like  the  cap  of  an  Agaric,  the  margin 
curving  inwards  towards  the  stem.  If  we  imagine  the  hollow, 
erect,  fertile  portion  in  Mitrula  (Figs.  54, 59,  60)  pressed  down 
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from  the  apex,  wc  jjct  the  pileatc  form  of  Leotia ;  and  in  5<>me 
of  the  higher  forms  of  Mitrula  this  condition  sometimes 
occurs,  thus  illustrating  the  so-called  transition  phases  between 
those  groups  of  species  possessing  several  features  in  common, 
which  we  call  genera. 

The  sj>ores  in  Spathularia  arc  of  the  Geoglossum  type,  but 
colourless ;  whilst  the  ascigerous  portion  is  more  sharply  difler- 
entiated  from  the  stem  than  in  Geoglossum^  and  is  also 
frequently  laterally  compressed  or  spathula- shaped,  more 
especially  in  the  sfKxies  on  which  the  genus  is  founded, 
whence  the  generic  name.  Finally,  Vibrissea  has  the  Spathu^ 
laria  type  and  colour  of  spore,  but  the  ascigerous  portion 
is  pileate,  thus  differing  from  Spathularia  in  the  same  manner 
that  Leotia  differs  from  Mitrula. 

From  the  above  remarks  it  may  possibly  be  inferred  that 
genera  in  the  Fungi  are  somewhat  shadowy,  but  in  reality 
not  more  so  than  in  other  branches  of  the  Vegetable  Kingdom, 
and  perhaps  our  knowlctlge  of  true  aflfmities  becomes  more 
exact  in  proportion  as  our  belief  in  genera  as  entities 
becomes  less. 

The  transition  from  the  Geoglosseae  to  other  families  of 
the  Discomycetrs  in  gradual;  the  line  between  sfxxies  of 
I.eotta  and  OmhfifhtLi  belonging  to  the  Hulgarieae  is  purely 
a  iiJ.itt«T  of  prrsoD.il  opinion  :  the  s;imc  may  he  s.iid  of  the 
Mjwcifs  ot  \'ibfis\ea  an<l  ^J<»/4,^►f//<f/Ji,  the  latter  In-Ion'^ing  to 
thr  iVzi/e.ir.  I  ectta  shatics  inl«>  Verpa  t>clonging  to  the 
Ilrl\rllr.ic  on  the  nnr  haful,  anti  on  the  other  into  HeU^tium^ 
U'lon^ting  t«»  the  rtvi/eae  Finally.  HrlveUa  of  the  Hel- 
vcHcac  jf.nis  vrry  jM.uiually  inti>  (Uipyxis,  l>eIon^;ing  to  the 
rc/i/i:ar. 

Thr  di.i^;Tarn  <»n  p.  i /»  »hi»\vs  thr  cvoliition  of  the  grnrra 
of  the  (in»j;!*»'MMr  fi<nn  (leoj^loiMtm  \  also  the  origin  *»!  the 
Hrlvrllf-at*,  Hu!^\ir!car,  anil  Tr/i/rac  friun  the  <  ir«>gIo\M-4c. 

Dl^^IkllHTIoN 

In  dtaln.;  with  pi'»l»hiii'»  ulating  to  ili>tnbution,  mere 
n  jinlKT^    arc    apt    to    iniHicaJ.  owing    tt>    our    com|Mratively 
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unequal  knowledge  respecting  the  floras  of  diRercnt  countries, 
and  this  imperfection  is  especially  pronounced  with  regard  to 
Fungi,  which  are,  as  a  rule,  altogether  neglected  by  collectors, 
and  even  by  botanists  having  no  special  interest  in  the  group. 
In  the  Geoglosseae  however,  fortunately,  the  general  mor- 
phology and  comparative  differentiation  of  the  species  supports 
the  numerical  evidence  bearing  on  the  origin  and  gradual 
dissemination  of  the  family.  The  Geoglosseae  represent 
a  primitive  type  of  the  Discomycctcs,  which  as  an  order  is 
comparativdy  modem  compared  with  the  remainder  of  the 


Geopjxii 


\  HebdlL 

\  T 


Ascomycetes,  the  Hysteriaceae,  Sphaeriaceae,  Tuberaceae,  &c.; 
and  the  entire  evidence  points  to  Northern  Europe  as  being 
the  cradle  of  this  interesting  family.  An  analysis  of  the 
distribution  of  Gtaghssum,  the  most  primitive  genus  included 
in  the  family,  will  serve  as  a  model,  the  remaining  large 
genera  following  along  similar  lines.  The  following  points 
stand  out  very  clearly : — (i)  The  primitive  and  oldest  genera 
have  the  most  closely  allied  species,  and  even  these  are 
connected  by  forms  and  varieties.  (3)  Varieties  and  forms 
become  more  abundant  the  further  the  species  extend  from 
the  original  home  of  the  genus. 

Getgiassum  contains  seven  species,  six  of  which  occur  in 
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Europe,  the  seventh — G.  pitmihtm^bfing  recorded  only  from 
Brmzil.  G.  kirsutmm^  the  most  primitive  species  in  the  genuSi 
is  represented  in  the  Kew  Herbsrium,  in  the  typical  form, 
from  the  following  places : — Frmnz  Josef  Archipdago^  Europe, 
Mauritius,  Java,  Australia*  New  Zealand,  Bormuda,  United 
States.  This  species  has  four  forms  or  varieties^  only  two  of 
which — Walini  and  mmerkammm^'-QCcat  in  Europe,  where 
both  are  very  rare,  whereas  both  are  not  uncommon  in  thoae 
distant  parts  of  the  world  where  the  type-form  is  rare.  Of 
the  two  remaining  forms — koHouUs  and  vtlmi^t^  the  former 
is  confined  to  New  Zealand  and  the  latter  to  the  United 
States,  and  in  both  these  countries  the  type-form  is  again 
rare.  The  following  diagram  shows  the  distribution  of  the 
species  of  Gecghssmm,  the  species  being  printed  in  clarendon 
type,  the  forms  in  italics : — 


illaoMuw. 


/   Sikkim.  \ 


\Btairit 


/'• 


Taunsnu,      . 


Tambuiu. 


Mrni*.  Aauralia, 
I'l.tlnl  S'Alr« 


lm*mJ§t, 


niiflii  Mairt 


Hmtim, 
irupc. 


hlnutum. " 
F.arofw.  f  rmiif  ]cmi 
Archm ,  AMtuliA. 

iavs.  New  ZcaUn*!, 

l'ailc«l  M«lc«. 


'  ^.arupr.  Maaiiiiaa. 
At.lralu.  MaiWira,  Cutia, 
t'mtrd  bialra. 


Uaiiad  StiHi. 


In  the  present  work  the  group  Geoglonseae  includes  eight 
genera ;    but    of  the^,   Aj/r^fMr^Av,   a    genus  of  my  own 
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founding,  is  far  from  being  stable,  and  its  one  species  may 
possibly  prove  to  belong  to  the  older  g^enus  Mitnda.  Again, 
it  is  somewhat  doubtful  as  to  whether  the  genus  Hemiglossum 
belongs  to  the  present  family ;  its  only  species  suggests  affinity 
with  Midotis^  but  as  I  have  had  no  opportunity  of  verifying 
thb  or  otherwise,  I  accept  the  affinity  indicated  by  its  founder, 
Patouillard.  Of  the  remaining  six  genera,  with  a  total  of 
fifty-eight  species,  five  genera  have  their  head-quarters  in 
Europe,  and  include  forty  species.  The  extra-European 
genus  NeoUcta^  including  one  species,  is  confined  to  Brazil. 
The  distribution  of  species  throughout  the  world  is  shown 
in  the  following  table: — 

N.  Hemisphere 55  species. 

S.         ^  ......      9      ,t 

Old  World 47      »» 

New  World ^3      1, 

Endemic  spedes  are  distributed  as  follows : — 

Europe 27  spedes. 

Greenland  and  Kamtichatka    .  •  3      t» 

China 3      >» 

Cape  of  Good  Hope  .  i      „ 

United  States 8      „ 

Brazil a      ,, 


Patagonia i 


«) 


The  distribution  of  the  genera  and  species  are  given  in 
detail  in  the  systematic  section. 


fam.  geoglosseae. 

Ascophore  stipitate,  erect,  ascigerous  portion  terminal, 
clavate,  spathulate,  or  pileate;  asci  elongated,  narrowly 
clavate,  8-spored,  dehiscing  by  an  apical  pore;  spores 
coloured  or  hyaline,  septate  or  continuous ;  paraphyses  present. 

Geoglosseae,  Sacc,  SylL  VIII  (as  a  subfamily  of  Hel- 
velleae). 

Most  closely  allied  to  the  Bulgarieae,  agreeing  in  the  more 
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or  less  gelatinous  nature  of  the  ascophore,  but  dtflering  in  not 
having  a  distinct  plane  or  concave  disk.  The  Pezixeae  are 
also  closely  allied  through  the  genus  Helotiumx  the  latter 
however  again  diflers  in  the  discoid  hymenium  and  in  the 
more  or  less  parenchymatous  cortex  of  the  ascophore.  Verpm^ 
connecting  the  Helvelleae,  differs  in  having  the  aadgeroua 
portion  more  distinctly  separated  from  the  stem,  and  in  the 
hymenium  being  sharply  limited  to  its  upper  surface. 


Key  to  the  Genera. 

I.  S fores  eUmgattd^  arroMgtd  in  a  parolUl fnseicU  in 

ikioscns. 

*  Spores  coloured. 


**  Spores  hyaline  or  colourless. 

gpafhnlaria.  Ascigeruus  portion  spathulate  or  davate, 
laterally  compressed. 

▼ibriaasa.  Ascigerous  portion  pileate*  free  margin  incurved 
towards  the  stem. 

II.  Spcm  narriKvly  elliptical,  1   i*sfriaU  im  the  ascns. 

*  Hymenium    covering    every  part    of  the    ascigerous 
|K>rtion. 

t  ANci(;eri>us  |)ortion  stipitatc. 
Mitrula.     Asciifcrous  fiortiun  clavate,  compressed. 
Laotia.     Asci^fcrous  |>ortion  pilcatc. 

ft  Ascigerous  portion  sessile. 
8prmgu#ola. 

**  Avci^rruuii  |>ortion  flat,  hymenium  covering  only  one 
surface,  the  other  surface  sterile. 
Ilamigloaaum. 

III.  S/k^rs  j^lohou. 
llaoUota. 
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Geoglossum,  Persoon. 

Ascophore  ample,  erect,  davate,  entirely  black,  sometinies  with 
a  tinge  of  oUve  or  purple;  aadgerous  portion  terminali  either  gradually 
passing  downwards  into  the  stem,  or  its  lower  termination  more  or 
less  indicated  by  a  slight  constriction.  Asd  davate,  apex  narrowed, 
pore  blue  with  iodine ;  spores  8,  long  and  slender,  septate,  brown, 
arranged  in  a  parallel  fescide  in  the  ascos ;  paraphjrses  present;  black, 
spine-like  C3rstidla  are  also  present  in  the  hymenium  of  some  spedes. 

Qeoglonum,  Pers.,  Obs.  Mycol.  1, 1 1, 1 796 ;  emended  by  Saccardo, 
Consp.  Gen.  Disc,  Bot.  Central,  xviii,  214,  1884. 

TnckcgidssuM,  Bond.,  Bull.  Soc.  Myc  Fr.  i,  no,  1885,  in  part 

Ctbahcoryne^  HazsL,  Ung.  Akad.  d.  Wiss.  xi,  8,  i88z,  in  part 

Clavaria^  of  old  authors. 

Most  nearly  allied  to  Miimla^  the  black  species  of  which  differ 
in  the  hjraline,  s-seriate  spores.  Certain  species  of  Clavaria,  belong- 
ing to  the  Basidiomycetes,  and  Xylaria^  belonging  to  the  Pyreno- 
mycetes,  closely  resemble  the  spedes  of  Geoglossum  in  general 
appearance  and  habit 

Disir. — The  seven  spedes  induded  in  the  present  genus  have  both 
individually  and  collectively  a  much  wider  range  than  those  belonging 
to  any  other  genus  in  the  Geoglosseae.  Six  of  the  spedes — G,  hirsu- 
fum,  giadrum,  gluiinosum^  Ptckianum^  vtscosulum^  and  Htuflerianum — 
occur  in  Europe,  the  two  last-named  not  occurring  elsewhere. 
G,  pumilum  is  peculiar  to  Brazil.  The  genus  ranges  from  Franz 
Josef  Archipelago  to  New  Zealand,  and  is  more  frequent  in  warm 
regions  than  other  genera;  species  being  recorded  from  Cuba, 
Bermuda,  Brazil,  Java,  and  Sikkim.  No  species,  so  far  as  I  am 
aware,  have  been  found  in  China  or  Japan. 

Key  to  the  Species. 

I.  Spines  present  in  the  hymenium. 
hirsutuni. 

II.  Spines  absent  from  the  hymenium. 

glutinoBiim.  Plant  3-6  cm.  high;  spores  almost  cylin- 
drical ;  paraphyses  abruptly  piriform  or  globose  at  the  tips. 
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glabrom.  Plant  3-7  cm.  high;  spores  narrowly  clavate; 
paraphyscs  clavate  at  the  tip,  constricted  at  the  septa. 

Peokiaoum.  Plant  4-7  cm.  high ;  paraphyses  longer  than 
the  asci,  tips  curled. 

pomilum.     Plant  up  to  9  mm.  long;  spores  15-septate. 

Tiaoosnlom.     Ascigerous  portion  pitted  or  alveolate. 

Hcttflarianum.    Entire  plant  3-4  mm.  high ;  spores  3-septate. 


QeoglOMum  hirautum,  Penoom,  Comment.  Fung.  Clav.  37, 1797  ; 
Pen,,  Syn.  Fung.  608,  iKoi ;  Fries,,  Syst.  Myc.  i,  488,  18a  1 ;  Co0ke^ 
Mycogr.  3.  f.  3,  1875;  Phillips,  Brit.  Disc.  34,  pi.  a,  f.  9,  1887; 
Sa<(.,  Syll.  viii,  n.  150,  1889;  Massa,  Brit.  Fung.*Fl.  iv,  49a,  1895; 
Rihm,  Kr.-FI.  n.  5876.  1896.    (PI  XII,  Figs.  31,  310,  3a.) 

(fregari(iU9  or  caespttosc ;  entire  fungus  4-7  cm.  high,  blacky  dry, 
every  wlicrc  donscly  velvety ;  ascigerous  portion  \^\  the  length  of  the 
entire  funfius,  lanceolate,  ovate,  oblong,  or  almost  globose,  generally 
more  or  \css  compressed  and  longitudinally  witnkled,  sometimes 
irregubr  in  form  and  crooked,  densely  velvety,  due  to  the  projcctkm 
of  closely  paikrd,  (Mnnted  black  hairs  (cystidia),  up  to  1*5  cm.  broad, 
scarcely  or  not  at  all  differentiated  from  the  equally  velvety  stem. 
AkI  (Uvate.  ^\\cx  narrower  1,  fore  blue  with  iodine,  160-aaox  i8-ao|i; 
»|K>rcft  8,  arran>:rd  in  a  farallel  faKicle  in  ilie  ascus,  linear,  almost 
c)liiulri«  al.  i-tuiH  \cry  slightly  narroued,  multiguttulatr.  tlien  7- and 
finally  i.'>  ^<*|»(at(*.  (>ftrn  slightly  cur\cd,  1 10-150 x  fi-^  1*.  light  umber 
|iro«n.  tr.iii<^luiriit  ;  |ar.iphy>r9  ^lrn(l^r.  septatr.  U|i9  broun.  ilavale, 
iur\ri).  teliKi''.!>  Ictigir  than  (lir  aiki;  i^^titlia  or  ^piiirs  numerous, 
«itrai^:li:  {o.iitr.l.  t!a«  k  and  opujur,  paler  towardu  the  lose,  narrowly 
fu^N'rni,  H-io  M  (liii  k. 

S\n      (\\j:iiri,t  nm/tfx  hmu/a.  Si^hnutlcl.  kon.  Plant.  9a,  tab.  iiv, 

<\\s:j'i.j   /hi  V-*  '■  i^fi,  SiMerby,  Kng    Fung.  lab.  8^.  1797. 
<if  t!t    turn  hiftuium  H  ^.tfitatum,  IVr*.,  S\n   Fung   6<»8,  1801. 
hthi'iy.ium  Hit'.umm.  lioutltrr.  Hull   >mm    Mu    i,  110.  18H5 

amJ  AtiJ .  M;rp  I  r\|t.  ii  1^4,  Creftn.  Herb  Bii!,  liclge,  n  1084  ; 
A'.K'n  .  I  t.n^'  (ia.l  u  404).  J<al^nh  .  Fun^.  l.ur.  n  .'113.  Klciuik' 
fij^^nh  .  llrrt>  M\< .  n.  44  aii«i  J37  ,  AW.rti-.  Mw  Morih.  n.  440  and 
1069.  /•u.lfl  1  ui.K'  Khrti.  n.  1141  .  AlUtkkif  anJ  S^kmsM,  Fung. 
lUvar    j;,j  ,  ('  ^tr.  lun^*   But.  n   31^  j  ,  I)€tm,,  Crypt  France,  s^r.  1, 
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n.  420;  Karsiefty  Fung.  Fenn.  n.  451 ;  Roumeg,^  Fung.  GalL  Select, 
n.  63;   Ffs«,  Micro.-Fung.  n.  481. 

Hob. — On  damp  ground  among  grass,  &c. 

Dislr. — Britain,  Ireland ;  Portugal  {Henriquii) ;  France ;  Denmark ; 
Sweden;  Germany;  Holland;  Belgium;  Austria;  Switzerland;  Italy; 
Finland;  Mauritius  {^Telfair)\  Bermuda  (Devonshire  marsh,  Chat" 
lenger  Exp,) ;  New  Zealand  {Colenso) ;  Java ;  Victoria  {MUlkr) ; 
United  States  (Sandlake,  N.Y.,  Feck;  New  England;  Massachusetts; 
Louisiana,  Hale^  n.  3661);  Franz  Josef  Archipelago  (Cape  Flora, 
alt.  60  ft,  Jackson-Harmsworth  Polar  Exp.,  coll.  Fisher), 

The  present  species,  in  its  typical  form,  is  readily  known  by  the 
densely  velvety  texture  of  eveiy  part  of  the  fungus.  The  typical 
number  of  septa  in  the  spore  is  15,  but  not  unfrequently  there  are 
fewer  in  some  of  the  spores  of  a  plant  having  as  a  rule  the  normal 
number,  and  in  one  instance  I  have  seen  two  of  the  spores  in  an 
ascus  with  19  septa  each,  the  remaining  six  having  the  usual  15  septa. 

Persoon's  var.  capiiata  is  not  a  constant  variety,  nor  even  a  constant 
form;  it  was  established  by  Persoon  upon  two  of  the  figures  in 
Schmidel's  plate  which  occur  in  a  long  series  showing  the  variation 
of  form  of  the  ascigerous  portion,  which  passes  gradually  from  the 
most  usual,  lanceolate,  through  ovate,  shortly  clavate,  obovate,  and 
subglobose. 

Form  amerioannm. 

Spores  100-125x5-6/4;  usually  7 -9-septate,  pale  brown ;  cystidia 
or  spines  scarcely  longer  than  the  asci,  hence  the  hymen ium  appears 
to  be  almost  glabrous  when  seen  under  a  lens. 

Syn, — Geoglossum  ht'rsuium^  var.  amen'canum^  Cooke,  Mycogr.  3, 
fig.  I,  1875. 

Geoglossum  americanum^  Sacc,  Syll.  viii,  n.  151,  1889. 

Hah, — On  the  ground  among  grass,  &c. 

Distr, — Britain  (Penzance ;  Glasgow,  Bot  Garden ;  Twycross, 
Berkeley) ;  France  (Desm.,  Cr}'pt.  France,  s^r.  i,  n.  420,  some  of  the 
specimens);  Germany  (Z^<?//,  Schmidt^  and  Kunze^  Deutschl.  Schw^mme, 
xcvii,  some  of  the  specimens ;  Afougeot  and  Nestler,  Stirpes  Crypt.  94, 
als^  95,  the  lower  specimen ;  Ratzeburg,  Rudolphi) ;  Hungary 
(Tinmen,  Fung.  Austr.  n.  927);  Madeira  (Lowe);  Cuba  {IVrigh/); 
Mauritius ;  Victoria ;  Queensland ;  United  States  (N.  York,  Gerard, 
^'  53  ;  Louisiana,  Hale), 
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Diffen  mainly  from  the  tjpical  fonn  in  the  reduced  length  of  the 
wfknet^  and  in  the  tomewluit  shorter  tporei  with  fewer  aepla.  f-9 
being  the  mott  frequent  numbers,  although  it  is  not  unusual  to  find 
odd  qx»es  with  a  greater  number  of  septa;  I  have  seen  a  spore  with 
15  sepu  in  the  same  ascus  with  seven  others  having  9  septa  each.  In 
Cooke's  type  of  var.  amiricamtm. 

Form  WnltorL    (PI.  XIII.  Figs.  78-8a) 

Spores  6o*75X  5-6  |i  pale  brown,  most  frequently  j-f-septale,  but 
occasionally  7-9-septate ;  spines  scanty,  not  at  all,  or  only  very  Ittle, 
longer  than  the  asd. 

Sym,^Geeglassmm  Wa!iin\  BerlL,  in  Cooke,  Mycogr.  4t  fig.  4  (whicji 
is  altogether  inaccurate);  Sacc.,  Syll.  viii,  n.  149,  1889. 

OoocioMum  Varlovri,  CMkr,  Grev.  si,  107,  1883;  Saee^  SylL 
viii,  iL  148.  1889. 

Hmh.^hmotkg  grass  and  on  trunks  of  tree-ferns. 

Aii^-.^Briuin  (Twycross,  Bioxam),  United  States  (Newton,  Mass., 
Forkm).  Australia  (Wild  Dog  Creek,  ApoDo  Bay). 

This  condition  may  be  considered  as  a  continuatfcm  of  the  rcductkm 
in  length  of  spines,  and  siae  and  immber  of  septa  of  the  spores,  com- 
menced in  form  amfruamtm.  In  the  present  form  the  spores  are 
most  frequently  3-Kpute. 

Cooke  first  suggested  G,  IVaiirn  as  a  spedes  to  Berkeley,  the  latter 
having  considered  it  as  G.  kirsmhtm,  whereupon  Berkeley  gave  the 
sfiecific  name  (»f  Waitert,  leanng  Cooke  to  draw  up  a  diagnosis  of 
tlie  ftfici  iTK.  jutlging  alone  from  the  figure  and  descn|4ion  given  in 
Myctigra|>hia  (4,  f.  4).  tlie  form  a|>|iean  to  lu%'e  no  close  affinity  with 
G.  Ftifhnit.  C'kr..  Imt  I  have  carefully  eiamined  the  type,  and  find 
'tliat  C*ookc  luft  ilrawii  the  spines  too  long— they  are  in  reality  not 
much  longer  than  (he  aini;  the  spores  are  also  too  k>ng.  aikl  the 
3  se|>(ate  form  is  mmt  UkuaL 

Following  the  diagnosis  of  G,  Farhw  {fixts.  ai,  107),  Cooke  siys, 
'  It  1%  vrrr  ntuch  a  matter  of  o|>inion  whether  thii  (G.  Farttm)  and 
G.  WalSffi,  (*..  and  G.  r//«/r/yf,  l*k  .  iliouki  be  regarded  as  varieties 
of  G  hiftutum,  or  a^  distinct  i^{ieiieft/ 

Fitfm  TolttUpM 

Sulicar«|iit(Mir.  lilaik;  clulij  sascigerousponion]  short,  compressed; 
stem  ilrn«cly  ilott»rd  with  a  very  I4ack.  velvety  pubescence.     Asci 

S 
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lanceolate ;  spores  fiisciculate,  at  first  simple  or  triseptate,  then  elon- 
gated and  9-ii-septate,  brown,  •ooa'—oo5'  long  [=abont  5o-zao|i]» 
paraphjTses  septate,  recurved  at  the  tips. 

Syn. — Get^iossum  veluHpes,  Peck,  aSth  Rep.  N.  Y.  State  Mus.  65, 
1^759  figured  on  pi.  i,  f.  16-19,  of  the  89th  Report;  Sacc,  SjU.  vin, 
n.  15a,  1889. 

Hah. — Ground  in  hemlock  woods. 

Distr, — ^United  States  (Oneida,  Northville). 

This  species  is  easily  distinguished,  both  by  its  somewhat  caespltoie 
habit  and  its  very  black,  hairy  stem.  The  difference  between  the  yoimg 
and  the  mature  spores  is  quite  noticeable.  I  have  not  seen  specimens 
of  (?.  WalUri^  a  hairy  species  from  Australia;  but  as  it  is  said  to  have 
the  spores  7-septate,  it  must  be  distinct  from  our  plant. 

The  above  is  a  reproduction  of  Peck's  description  of  the  species. 
The  author  depends  too  implicitly  upon  the  number  of  septa  present 
in  the  spore,  which  is  indeed  a  most  fallacious  character.  I  have  had 
no  (^)portunity  of  examining  specimens,  and  it  is  uncertain  as  to  which 
of  the  forms  it  is  most  closely  allied.  The  subcylindrical  spores 
and  paraphjTses  recurved  at  the  tips  prove  it  to  be  a  condition  of 
(?•  hirsiUum,  The  figures  are  represented  as  bristling  with  black 
spines  all  over,  but  in  the  description  the  stem  alone  is  described  as 
velvety. 

Form  leotioides.    (PI.  XII,  Figs.  8-12.) 

Gregarious,  black,  entire  fungus  i  •5-2*5  cm.  high,  every  part  velvety, 
with  projecting,  spine-like,  black  cystidia ;  ascigerous  portion  globose 
or  broadly  ovate,  hollow,  at  length  collapsing  and  drooping  round  the 
stem  as  in  Leotia^  up  to  i  cm.  diameter;  stem  erect,  equal,  straight, 
1*5-2  cm.  high,  about  2  mm.  thick.  Asci  almost  cylindrical,  apex, 
narrowed,  pore  blue  with  iodine,  about  230  x  20  /i ;  spores  8,  arranged 
in  a  parallel  fascicle,  dingy  umber,  translucent,  1 7-septate  at  maturity, 
linear-cylindrical,  or  very  slightly  thickened  above  the  middle,  ends 
a  very  little  narrowed,  usually  slightly  curved,  150-165x5  /*;  para- 
physes  slender,  straight  throughout,  septate,  tip  slightly  clavate,  umber, 
almost  straight,  spines  acute,  black  and  opaque,  numerous,  longer 
than  the  asci. 

Syn, — Geoglossum  hirsutum^  var.  leotioides^  Cooke,  Grev.  viii,  61, 
1879;  Sacc,  Syll.  viii,  n.  150,  1889 ;  Cke.,  Hdbk.  Austr.  Fungi,  251, 
1892. 
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/M. — On  the  groand. 

DUtr.—\itm  Zealand  (Wellington,  Trcnirt\ 

Superficially  resembling  Peraoon't  capitate  or  globoae  form  of 
(r.  kirsmimm.  but  clearlj  diitinguiabed  by  the  longer  spoica  and  the 
afanoal  itraigbt  paraphjraea. 

Oangloaanm  gtutiiioraiii,  Ar#.,  Oba.  Mjc.  i,  11,  1796;  Cke^ 
M}-cogr.  5«  f.  6,  1875;  PkiL.  Brit.  Disc.  38,  1887;  &irr.,  SjrIL  viii, 
n.  ij6,  1889;  MasMie,  Brit  Fung.*Fl.  iv,  490,  figs.  8- lo  on  p.  188, 
1B95;  Rfkm,,  Kr.-Fl.  n.  5871,  f.  7,  p.  1145, 1896.  (PL  XIII,  Figa. 
66,  67.) 

Gregarioua,  entire  fungus  3-6  cm.  high,  black,  sometimes  with 
a  tinge  of  olive  or  brown,  more  or  less  viscid ;  aadgerous  portioB 
lanceolate,  glabrous,  terete  or  compressed,  g-^  mm.  broad,  nsnallf 
about  I  the  length  of  the  entire  fungus;  stem  cjriindrkal,  rather 
slender,  viKid,  often  brownish  bIscL  Asci  subcylindrical,  apes 
narrowed,  pore  bhie  with  iodine,  SIO-S40  x  ia-14  ii;  spores  8, 
arranged  in  an  imperfectly  parallel  fascicle  in  the  ascus,  or  inclined 
to  become  irregularly  s-3-seriatei  linear,  ahnosl  qrUndrical,  ends 
obtuse,  pale  brown,  transboent,  generally  straight,  for  a  loQg  time 
3-septate,  sometimes  paasing  to  5-7-septate;  paraphyaea  slender, 
septate ;  tips  brown,  varying  from  abruptly  piriform  to  globoae,  7-9  ii 
diameter. 

Sym.^Gfpgictmm  rwM»jii,  Pers.,  Comm.  Fung.  Ckv.  38,  1797; 
Coukc.  .MyiOKr.  8,  f.  10,  1H75;  PhiL,  Brit.  Disc.  37,  1887;  Sacc., 
Syll.  viii,  n.  ij;,  18M9;  Maurc,  lint.  Fung.*F1.  iv,  490,  1895;  Rehm, 
Kr.-Fl..  n.  5870,  1H96. 

Gn^iotsttm  glmitmotmm,  forau  mimar^  Sacc.  Mich,  i,  444,  1877; 
Sacc,  Sill,  \iii,  undrr  n.  ij6,  1889  (asco|ihore  hardly  1  cm.  long). 

Gfvgiotimm  MulUri,  Cooke,  Mycogr.  4.  f.  s,  1875  (ftfiorcs  and 
|ara|»hyhcs  iiKorredljr  represented);  Sacc.,  Syll.  viii,  n.  138,  1889. 

/'.ri.  ~~  Kafittn,  Fung.  Fcnn.  n.  450 ;  Kommig,^  Fung.  GalL 
n.  4044:  Mi^gfot  and  StiiUr^  SUrp.  Cryfii.  n.  7M0;  /V/«i.,  Crjrpt. 
France,  a^r.  1,  n.  411 ;  Kiottit k- KaUnk.^  Herb.  Myc.  e«l.  ii.  n.  319. 

iiah     i  hi  llie  KHiund  among  grass,  moss,  kc. 

ihttr, — Itritain,  Tortugal  {iitmrhfun)^  Fnncr,  Sweden,  Belgium, 
SwiiicrUnd.  Gcnnany.  Austria,  Italy.  Fmland.  Australia  (Port  Philips 
Ffimk  .  McUiuume,  Muihr.  Me^Ar). 

The  chief  cluraiicritticB  of  the  present  s|iectes,  as  defined  above. 
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are:  the  glabrous,  more  or  less  viscid  ascophore;  narrow,  almost 
cylindrical  asci,  and  nearly  cylindrical,  comparatively  short  spores 
with  obtuse  ends,  which  usually  remain  3-septate.  The  spores  are 
often  much  paler  in  colour  than  in  the  other  species ;  and,  owing  to 
their  shorter  length,  do  not  form  such  a  distinct  parallel  fascicle  in  the 
ascus,  but  are  inclined  to  become  2-3-seriate.  In  going  over  a  huge 
series  of  specimens,  I  find  it  impossible  to  separate  gluiinosum  fixmi 
vtscosum.  The  relative  amount  of  viscidity  depends  on  the  weather; 
the  terete  or  grooved  stem  depends  on  age,  the  last  condition  depending 
on  the  deliquescence  and  gelatinization  of  the  central  portion  of  the 
ascophore,  which  again  depends  on  external  conditions.  The  two 
extreme  forms  of  the  tips  of  the  paraphyses,  as  figured  by  Cooke, 
look  distinct  and  of  value  as  aids  to  specific  identification,  but  every 
possible  transition  from  broadly  piriform  to  globose  can  be  met  with. 
The  spores  usually  remain  3-septate,  but  sometimes  pass  on  to 
5-7-septate.  In  one  specimen  in  Karsten's  Fung.  Fenn.  n.  450, 
the  spores  are  entirely  normal  in  size  and  shape,  deep  brown,  and 
apparently  quite  mature,  but  show  no  traces  of  septadon.  On  the 
other  hand,  the  specimens  in  Roumeguere*s  Fung.  Gall.  Exs.  n.  4044, 
while  the  majority  of  the  spores  are  3-septate,  some  have  s  septa  and 
others  are  quite  distinctly  7-8eptate,  the  spores  in  the  hst-named 
instances  not  being  above  the  normal  size. 

The  form  minor  of  Saccardo  appears  only  to  differ  in  its  small  size, 
and  every  mycologist  who  has  done  field  work  knows  how  general  it 
is  to  meet  with  specimens  belonging  to  almost  every  species  of  fungus 
that  might  be  dubbed  forma  minor  or  major,  as  the  case  might  be ; 
but  every  one  knows  that  such  forms  are  by  no  means  permanent, 
but  akin  to  the  stunted  crop  of  wheat  grown  during  a  very  dry  season. 
Finally,  I  have  examined  the  type  of  G.  Mulleri,  Cooke,  and  find  that 
it  agrees  with  G,  gluiinosum  in  all  essential  features ;  the  sizes  of  the 
spores,  as  given  by  Cooke  in  Mycographia,  are  too  large,  and  the 
paraphyses  are  in  reality  capitate. 

GtooglOBSom  glabrom,  Persoon,  Obs.  Myc.  ii,  61,  1799;  P^^s,, 
Syn.  Meth.  Fung.  608,  1801 ;  Fries,  Syst.  Myc.  i,  488,  1821 ;  Cooke, 
Myc.  7,  f.  10,  1875;  Phi^  Brit.  Disc.  36, 1887  ;  Massee,  Brit  Fung.- 
Fl.  iv,  491,  1895.    (PJ*  XII,  Figs.  44-46.) 

Gregarious;  entire  fungus  3-7  cm.  high,  dry.  black  or  brownish- 
black,  sometimes  tinged  with  olive  or  purple ;  ascigerous  portion  ^\ 
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ibe  entire  length  of  the  fungus,  not  iharply  differentiated  from  the 
fttcm  below,  glabiousi  cylindric-clavate  or  variously  deformed,  3-8  mm. 
broad,  sometimes  kterally  compressed ;  stem  rather  slender,  minutclj 
squamulose,  often  wavy.  Asci  cylindric<lavate,  apes  narrowed,  pore 
bhie  with  iodine,  165-aiox  i8-som  ;  ipores  8,  arranged  in  a  parallel 
Essdcle  in  the  ascus,  elongate-clavate,  straight  or  very  slightly  curved, 
clear  brown  at  first,  then  dark  smoky  brown,  75-85  x  8-9  fs  7-sepCate, 
very  slighdy  constricted  at  the  septa ;  paraphyses  septate,  becoming 
gradually  clavate  upwards  for  the  upper  half,  septa  ofken  rather  close 
together  near  the  apes,  and  constricted  at  the  sepu,  giving  a  monili* 
form  appearance,  brown,  7-9  m  ^>ck  at  the  apes,  which  may  be 
straight  or  slightly  curved. 

Sym* — Ciavana  opkicgiatsoidti,  Liim.,  Sp.  PL,  ed.  i,  v,  s,  p.  ii8s, 
1753  (fide  Saccardo). 

Gicgioitum  c^kgi0ss0i'd€$^  Sacc.,  SylL  viii,  n.  141,  1889;  Rehm» 
Krypt- Flora,  n.  587  s,  1896. 

Gicgiossmm  spkagmfkiimm^  Ehrh.,  Sylv.  Uyc  30,  1818;  Sacc^ 
SylL  ^iii,  n.  14a,  1889. 

Utvghitmm  cpkifigicisoidet,  var.  sfkagnofkiimm^  Rebm,  RrypL-Floni, 
n.  587  s,  1896. 

Gf^ioiium  unj/rakt  Cooke,  Mycogr.  6,  L  8,  1875;  Sacc.,  SylL  viii, 
n.  144,  1889. 

Gtvghitum  siMi/i,  Peck,  asth  Report  N.Y.  State  Mus.  97,  187s 
(in  the  a9th  Rep.,  Peck  himself  says  this  species  is  identical  with 
G»  glabrum). 

A.\s.—  J/o//,  S*AmtJ/,  and  Kumne,  DrutKhl.  Schw.  n.  scviii ;  EUu 
and  Kxtth ,  N.  Anicr.  Fuiik-  »^r.  a.  n.  aoji;  Ja<k^  Ijtimr^  ».  Sttwm' 
l*tf^€r^  Kr)  pi.  liadcnk.  n.  55 ;  Mouj^,  amd  AVi/.,  Stirpes  Cr)iit.  684, 
also  the  u|i|Mrr  ^firciiucn  in  n.  95  of  the  same  autliors  (the  lower 
ft|M-itmrn  is  (f.  ^Uirum,  f«}rm  amtruamttm,  Coukc);  Pkii.^  Klv.  Hrit. 
Fafti .  11,  n.  ;i;, .  Kehm,  Amtoiii.  n.  f^oj  a  ami  h ;  Xomm,,  Fung.  Sckxi. 
HaW  n.  j6j  ,  KltZith'RaUnh.,  Ilrrb.  Myc.  n.  ajH  ;  Kanten,  Fung. 
Fcnn.  ti.  4;,i  ;  Fuikti.  Vun^.  Rhcn.  n.  1141;  SyJt^\  Myc.  >Urth. 
n.  jH^i; ;  A^iftiA  -H'tm/ff,  Fung.  Kur.  n.  384-,. 
//j/  ^<  Ml  ihr  ^ruiiiiti  anion^  ^fJ^^*,  Ac. 

Ai/f.  — liriUin,  IrrUmI,  rortuisaJ.  S|ain.  Frame.  IWlgium, 
S«itAriUii«l,  (fcrin^n),  iKrhnuik.  S«ciicn,  FinUnd.  Rusua,  Sikkim 
{ih.  |iiu«  Sir  \  /  IK  y/iK-irfi,  'lasinaiua  (Aftker),  Victorui. 
(JucciisUihI,  lulled  >Utc>. 
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The  fpecific  cfaancteristics  of  the  present  species  are :  the  diy, 
black  ascopbore,  (fisliiictljr  davate  spoies,  feij  sligiidj  constricted  at 
the  septa,  and  the  paraphjses  becoming  davate  apward%  irtieie  the 
septa  are  rather  close-  together  and  constricted,  giving  a  monififivai 
i^>pearance ;  in  some  specimens^  however,  die  8q)ta  are  rtth^  distant 
from  eadi  odier  near  the  apex  of  tfie  par^)hyses,  which  are  not  so 
stronglf  monilifonn,  whereas  in  others  this  appearance  is  akogedier 
lost,  and  every  transition  may  often  be  seen,  even  in  the  same 
qwcimen,  from  one  extreme  of  paraphjsis  tjpe  to  the  other.  The 
most  constant  feature  of  the  qiecies  is  the  distinctlj  davate  form  of 
the  qKves. 

The  above  specific  diagnosis  is  drawn  ap  from  a  specimen  in  the 
Kew  Herbarium  called  Gtoghstum  glahrum  hj  Persoon  himsdf; 
hence  we  are  certain  that  we  are  so  far  correct  The  spedmens  in  all 
the  exsiccati  qooted  have  been  examined,  aikl  agree  with  F^rsoon's 
fimgns.  I  caimot  accept  Saccardo's  dedsion  diat  Persoon's  iiingas 
is  STnonjmoos  with  Claoaria  apkk^laismdis^  Liim.  The  diagnosis 
of  this  spedes  by  Liimaeos  (Sp.  PL,  ed.  i,  voL  ii,  p.  ii8s,  1753)  ^ 
as  follows :  '  Gavata  integerrima  compressa  obtosa,'  and  this  I  con- 
sider as  inadequate.  I  have  gone  through  the  Herbarium  of  Lirmaeus, 
and  find  nothing  to  support  Saccardo's  idea.  The  fact  that  Bulliard, 
Bolton,  and  others  have  called  a  species  aphioglcssoides  proves  nothing; 
in  many  cases,  in  the  absence  of  spedmens,  we  do  not  know  what 
species,  as  at  present  understood,  these  authors  had  in  \'iew.  On  the 
other  hand,  where  the  name  ophioglossoides  (Linn.)  is  used  in  exsiccatl, 
we  find  that  it  covers  several  species,  including  the  hyaline  spored 
Mitrula  microspora  of  the  present  work,  as  in  Desm.y  Crypt.  France, 
8<$r.  r,  n.  42r.  Finally,  Schmidel  (Icon.  Plant.  92,  1762)  considers 
that  the  fungus  Linnaeus  had  in  view  was  Schmidel's  Clavaria  simplex 
ht'rsuia  (=(?.  hirsuium,  Pers.). 

Form  difformo. 

Ascigerous  portion  often  bent  or  irregular  in  form,  compressed, 
obtuse,  slightly  viscid  when  moist ;  paraphyses  septate,  apex  slightly 
thickened  and  often  more  or  less  swollen  below  the  septa,  curved 
or  slightly  wavy. 

Syn, — Geoghssum  difforme.  Fries,  Obs.  Myc.  i,  159,  181 5;  Cooke, 
Mycogpr.  6,  fig.  7,  1875 ;  Sacc,  Syll.  viii,  n.  143,  1889;  Massee,  Brit. 
Fung.-Flora,  iv,  492,  1895;  Rehm,  Kr.-Fl.  n.  5873,  1896. 
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Geoglossum  nigritum^  Cooke,  Mycogr.  205,  fig.  345,  1879;  Sacc, 
Syll.  viii,  n.  145,  1889 ;  Rehm,  Kr.-Fl.  n.  5874,  1896. 

Clavaria  nigrita^  Fries,  Hymen.  Eur.  676,  1874,  not  of  Persoon, 
Syn.  604. 

Exs. — Cooke y  Brit.  Fung.  n.  481 ;  Cooke^  Brit.  Fung.  ed.  ii,  n.  394  ; 
Berk,,  Brit.  Fung.  n.  256;  Roumeg,,  Fung.  Gall.  n.  2419  ;  Klotzsch- 
Rahenh,^  Herb.  Myc.  n.  424. 

Hah. — On  the  ground  among  grass,  &c. 

Disir. — Britain,  Ireland,  France,  Belgium,  Germany,  Sweden, 
Finland,  Italy,  Austria,  Victoria  (Harkaway  Range,  French),  South 
Carolina. 

Specimens  from  Fries  in  the  Kew  Herbarium  show  that  his 
G,  diforme  and  G,  nigritum  are  identical,  and  again  in  a  broad  sense 
are  identical  with  G.  glabrum,  differing  mainly  in  the  tips  of  the 
paraphyses  not  being  so  distinctly  clavate,  and  constricted  at  the 
septa  near  the  apex.  The  characteristic  clavate  form  of  the  spore 
is  present. 

As  Geoglossum  nigritum  may  be  again  restored  by  some  one  to 
specific  rank,  its  true  history  may  as  well  be  told,  so  as  to  prevent 
complication  in  the  future.  Persoon  described  a  fungus,  which  he 
called  Clavaria  nigrita  (Pars.,  Syn.  604,  1801).  There  seems  every 
reason  to  believe  that  this  fungus  was  a  genuine  Clavaria,  as  that 
genus  is  defined  at  the  present  day,  and  that  the  description  and 
figure  given  by  Bresadola  (Fung.  Trident.  62,  tab.  Ixvii,  fig.  4)  repre- 
sents Persoon's  fungus.  Fries  quotes  Persoon's  fungus  as  Clavaria 
nigrita,  Pers.,  and  gives  Persoon's  own  diagnosis  of  his  species  in 
Syst.  Myc.  i,  483,  182 1,  and  Epicr.  578,  1836-38.  In  Hym.  Eur. 
676,  1874,  Fries  again  gives  Persoon's  name  and  diagnosis  of  the 
fungus  under  consideration,  but  adds,  '  species  insignis,  habitu  Geo- 
glossi,  nuperius  ad  Halmbyboda  prope  Upsaliam  lecta  (v.  v.).' 
Here,  for  the  first  time,  Fries  collected  what  he  supposed  to  be  the 
Clavaria  nigrita  of  Persoon.  A  portion  of  this  gathering  was  sent 
by  Fries  to  Berkeley,  and  is  now  in  the  Kew  Herbarium.  This 
specimen  was  examined  by  Cooke,  and  found  to  be  a  Geoglossum, 
and  figured,  inaccurately,  in  Mycogr.  205,  fig.  345,  1879.  Cooke, 
however,  did  not  doubt  this  fungus  being  the  Clavaria  nigrita,  Pers., 
and  figured  it  as  such,  on  the  faith  of  the  species  determined  by  Fries, 
calling  it  *  Geoglossum  nigritum,  Pers/ 
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Var.  lignioolum.    (PL  XII,  Figs,  i,  2.) 

Gregarious  on  rotten  wood,  4-s  cm.  high,  entirely  black  with 
a  decided  purple  tinge;  ascigerous  portion  narrowly  davate,  about 
\  the  entire  length,  about  3  mm.  thick,  round  or  compressed, 
becoming  imperfectly  hollow,  glabrous,  dry,  passing  gradually  into 
the  slender,  usually  crooked,  equal,  minutely  velvety  stem.  Asd 
davate,  apex  rounded  and  tinged  Uue  with  iodine,  often  curved, 
150x15^4;  spores  finear-davate,  apex  thickest,  brown,  translucent, 
usually  very  slightly  curved,  7-septate,  arranged  in  a  parallel  fiudde 
in  the  ascus,  8  in  number,  80-85  x  5-6  f* ;  paraphyses  straight,  septate, 
davate,  apex  tinged  olive  and  about  6  f*  thick. 

Syu. — Geeglossum   hgnicolum,    Massee,  Joum.  BoL   xxxiv,   145, 

pl-  367>  ^'  19-20,  1896. 

Hob, — On  rotten  wood. 

Disir. — ^Tasmania  (Archer). 

Growing  on  rotten  wood  along  with  the  type  spedmen  of  Miirmla 
vinotCt  BerL,  which  it  resembles  superficially. 

Having  again  examined  the  present  fungus,  I  come  to  the  c6n- 
dusion  that  it  must  be  reduced  to  a  variety  of  G,  glairum,  differing 
mainly  in  the  purple  tinge  of  the  ascophore,  and  the  less  distinctly 
moniliform  paraphyses.  The  spores  are  of  the  characteristic  glairum 
type. 

Gtooglossum  Feoldanuni,  Cooke,  Hedw.  1875,  p.  10;  CooJte, 
Mycogr.  5,  f.  5,  1875;  Sacc,  Syll.  viii,  n.  147,  1889.  (PI.  XII, 
Figs.  42,  43.) 

Gregarious  or  tufted,  black,  stem  visdd,  entire  fungus  4-7  cm.  high, 
glabrous;  ascigerous  portion  narrowly  lanceolate,  somewhat  com- 
pressed, narrowing  below  into  the  stem,  but  the  termination  distinctly 
defined,  less  than  half  the  length  of  the  entire  fungus;  stem  very 
minutely  squamulose,  viscid.  Asd  narrowly  elliptic-fusiform,  apex 
narrowed,  pore  blue  with  iodine,  about  180-200  x  18-20 /x;  spores  8, 
arranged  in  a  parallel  fuscicle  in  the  ascus,  clear  brownish-umber, 
translucent,  linear-fusoid  or  subclavate,  ends  slightly  narrowed,  some- 
times slighdy  curved,  7-septate  at  first,  finally  15-septate  at  maturity, 
115-125x6-7/*;  paraphyses  slender,  septate,  longer  than  the  asci, 
tips  brownish,  slightly  thickened,  variously  curved  and  twisted. 

Syn.— Geogiossum  glutinasuniy  Peck,  25th  Rep.  N.  Y.  State  Mus. 
97,  1872,  not  of  Persoon. 
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H^A, — Swampj  ground. 

ZMr/r.— United  States  (Sandlake  and  ForesCburgh,  N.Y.,  Peek\ 
Gainaville,  Fla^  Ravtntl^  n.  89 ;  New  England,  Mmrrmjf^  n.  5339 ; 
Lower  Carolina,  Cur  in  ^  n.  iaa7),  England  (a  specimen  from 
Sowerby's  herbarium,  now  at  Kcw,  called  Gtngi^ntwm  iiforwu)^ 
France  (Montmorency,  BoudUr), 

Di»tinguiihed  among  the  glabrous  species  more  espedallj  by  the 
paraphyses,  which  are  longer  than  the  asd,  and  strongly  curved  or 
spirally  twisted  at  the  thickened,  coloured  tips.  Neglecting  the 
spines,  this  species  is  almost  indistinguishable  from  some  forms  of 
(r.  Ursmium. 

Form  omteatito. 

Scattered  or  gregariotu,  elongato*clavate,  3-6  cm.  high,  s-3  mm* 
thick,  glabrotis,  even,  longitudinally  striate  when  dry,  bbck.  Asd 
cylindrical,  very  shortly  stipitate,  apex  obtuse,  itexsoii;  spores 
H,  a--3-Beriate,  rod-shaped-fusoid  or  lomewhat  davate,  7-septale,  not 
oonsthcted,  dusky,  8ox5m;  paraphyses  slender,  4 |i  thkkt  tips  pale 
brown,  strongly  ctrctnate. 

Sftn.^Gfi^iQSium  mmhraitU^  Sacc.,  Mich.i,  444,  1879;  Saoc,  SylL 
n.  146,  1889. 

/M.' Swampy  ground. 

A'/iJr.^Italy  (Biisoiero). 

As  sug|(cfttcd  by  Saccardo,  tlic  present  differs  from  (/.  Pttkiammm^ 
mainly  in  the  y-bcptttc  !i|iorcs. 

Form  Barlao. 

nLickihli(»li\r,  3-r,  tni.  high;  aKigcrous  portion  compressed, 
glabrous,  x»nir«hAt  ionguc-ftha|)ei!,  i-j  cm.  broad ;  stem  paler, 
bbckifth  furfur  14 r()u«i  .ii  tlic  apex.  Ilymrnium  blackish-olive,  c\rn,  not 
at  all  or  Mari^rh  \tM:i(i  in  raiiiv  weather,  well  defined  friHn  tlir  ttem. 
Atci  fuMf(irni<lavatr.  Ia«te  narro«-e«l  and  wavy,  300-jJOX  |A>  jO|t; 
ft|iorrik  H.  umtier,  linear-ibvate,  laraight  or  Uighlly  tur%v«l.  7-ie|»tate, 
H5-95  X  6-7  |« ;  |ara|ihy«r«  brownish.  Mm|Je  or  branched  at  the  base. 
ftcpiAtr,  a|4-x  iniratMtetl,  liirulofe. 

Sym.-  Ufi%'iositim  B^iriat,  lUMidirr.  Sk.  M)rcol.  France,  iv,  76, 
iHHM;  Saci  ,  S)U.  VIII.  in  a  note  unilrr  n.  146,  1M89. 

//iii. — Un  clay  (ground  among  Kra»%. 

Ai/f.— Frantc  iNitr,  BarU\, 
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Again,  Boudier  considers  the  present  form  to  be  distioguished  from 
G.  Pukianmm  more  e^)eciall7  by  the  7-septate  spores.  The  bhckish- 
olivey  broader  asdgeroos  portion  is  the  only  tangible  distinction 
between  the  present  and  form  umbratiU. 

Geoglo8Biim  pumilum,  Winter,  Grev.  xv,  91,  1887 ;  Sacc^  SjU. 
viii*  n.  153,  1889. 

Small,  blackish ;  ascigerous  portion  ovate  or  somewhat  deformed, 
capitate,  distinct,  slightly  and  irregulaiiy  compressed,  perfectly  smooth* 
up  to  3  mm.  long,  and  apparently  viscid ;  stem  sobc3rlindrical,  often 
slighily  compressed  and  grooved,  up  to  6  mm.  long,  furnished  with 
squarrose  fasddes  of  brownish  hairs.  Asd  cylindric-clavate,  sessile, 
8-spored,  230-255  X  25-27 /i;  paraphyses  filiform,  expanding  up- 
wards into  a  thick  brownish  apex  up  to  10 /a  broad,  sometimes  septate 
towards  the  I4)ex,  straight ;  spores  cylindrical,  slightly  narrowed  and 
rounded  at  both  ends,  somewhat  curved,  generally  is-septate,  veiy 
slightly  constricted  at  the  septa,  brown,  94-1 10x7^ 

Hob. — On  day  ground 

Dutr. — Brazil  (Sao  Francisco,  Prov.  Sta.  Catharina,  UU^  n.  338). 

The  above  is  Winter's  diagnosis  of  the  species. 

GeoglOMnim  Tiaoosnliim,  Sacc,^  Syll.  viii,  n.  140,  1889. 

Black,  viscid,  glabrous;  ascigerous  portion  gradually  attenuated 
into  the  stem,  the  fertile  surface  divided  into  quadrate  areolae ;  these 
areolae  are  convex  when  moist  and  concave  when  dry.  Asci  clavate, 
apex  narrowed ;  spores  8,  cylindrical,  brown,  3-5-septate,  somewhat 
shorter  than  the  ascus ;  paraphyses  septate,  apex  capitate  straight  or 
curved. 

Syn, — Cibalocoryne  viscosula,  Hazsl.,  Ung.  Akad.  d.  Wiss.  xi,  8, 
1881. 

Hab, — On  the  ground  among  moss. 

Dtsir, — Hungary  {Hazslinszky), 

Apparently  a  very  distinct  species,  although  the  diagnosis  un- 
fortunately leaves  something  to  be  desired.  The  areolation  of  the 
hymenial  surface  is  the  most  tangible  feature  mentioned,  and,  if 
constant,  will  afford  an  easy  means  for  distinguishing  the  spedes,  or 
may  even  prove  to  be  of  generic  value,  thus  forming  a  connecting  link 
with  the  Morchelia  group ;  but  until  the  species  is  better  known,  it  is 
perhaps  best  in  Gfoglossum,  as  placed  by  Saccardo.     A  more  or  less 
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alveolate  condition  of  the  hymenium  occurs  in  Mitfula  Rehmii  and 
M,  muscicola, 

GeogloBSum  Heuflerianum,  Bail,  Herb.  Mycol.  typ.  n.  180^ 
(without  a  diagnosis);  Sacc.y  Syll.  viii,  n.  139,  1889;  Rehm,  Krypt.- 
Flora,  n.  5869,  1896. 

Very  small,  clavate,  black,  3-4  mm.  long;  spores  terete-fusoid, 
rounded  at  both  ends,  almost  straight,  45-50  x  10  fi,  3-septate,  dusky; 
paraphyses  moniliform  at  the  apex. 

Hab. — Among  moss. 

Disir. — Mutters,  Tirol. 

Remarkable  for  the  very  small  size  of  the  ascopbore,  and  the  3-9e]> 
tate,  thick  spores.  The  above  is  the  diagnosis  given  by  Saccardo 
(Syll.  viii,  n.  139). 


Spathularia,  Persoon. 

Erect,  stipitate ;  ascigerous  portion  obovate,  spathulate,  or  elliptical, 
more  or  less  hollow,  laterally  compressed,  glabrous,  decurrent  down 
opposite  sides  of  the  stem,  from  which  it  is  sharply  differentiated. 
Asci  clavate,  apex  narrowed ;  spores  8,  arranged  in  a  parallel  fascicle 
in  the  ascus,  elongated  filiform-clavate,  hyaline,  multiguttulate  then 
multiseptate  ;  paraphyses  present. 

Spathularia,  Persoon,  Tent.  Disp.  meth.  Fung.  36,  1797  ;  Fries, 
Syst.  Myc.  i,  490,  1821 ;  Sacc,  Syll.  viii,  48,  1889;  Massee,  Brit. 
Fung.-Flora,  iv,  485,  1895;  Rehm,  Krypt.-Flora  (Discom.),  1158, 
1896. 

SpathultGy  Fries,  Plantae  Homon.  86,  1825.  *  Spathularia;  quod 
nomen  paululum  mutandum  ob  animal  homonymon '  (Fries,  1.  c). 

Clavaria^  Elvtlla^  Mitrula,  and  Leptoglossum  in  part,  of  authors. 

Closely  resembling  the  genus  Mitrula  in  general  appearance  and 
habit,  but  in  the  last-named  the  spores  are  much  shorter  and  broader, 
and  2-seriate  in  the  ascus.  The  only  other  genus  having  very  long, 
linear  spores  arranged  in  a  parallel  fascicle  in  the  ascus  is  Vtbrisseay 
but  here  the  ascigerous  portion  is  pileate  or  horizontal,  the  margin 
free  and  incurved ;  the  upper  surface  covered  with  the  hymenium,  the 
under  surface  sterile.  In  Spathularia  the  ascigerous  portion  is 
adnate  to  the  stem  throughout,  and  every  part  is  covered  with  the 
hymenium. 
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Disir, — A  small  genus  of  six  species,  confined  to  the  North 
Temperate  Zone.  S.  rufa^  S.  Neesti,  S,  mgripes,  and  S.  clavala 
occur  in  Europe;  the  last-named  species  also  occurs  in  the  United 
States^  while  S.flava  is  confined  to  the  last-named  country. 


Key  to  the  Species. 

I.  Stem  white  or  yellow. 

olayata.    Ascigerous  portion  broadly  obovate. 
flavm.    Ascigerous  portion  narrowly  elliptic-oblong. 

II.  Stem  dark-coloured. 

*  Stem  minutely  velvety. 
▼elutipes. 

**  Stem  glabrous, 
nigripes.    Stem  violet-brown. 

mlk.  Ascigerous  portion  obovate,  margin  even,  powdered 
with  lilac  meaL 

ITeesii.  Ascigerous  portion  spathulate  or  sphaeroid, 
margin  wavy. 

Spathularia  olavata,  Sacc,  Mich,  ii,  77,  1882;  Sacc,  Syll.  viii, 
n.  160,  1889;  Massee^  Brit.  Fung.-Flora,  iv,  485,  figs.  22-24  o^ 
p.  188;  Rehm,  Krypt.-FI.  n.  5877,  figs.  1-4  on  p.  1146,  1896. 
(PI.  XIII,  Figs.  50-53.) 

Gregarious  or  in  small  clusters,  entire  fimgus  3-10  cm.  high,  dry; 
ascigerous  portion  spathulate  or  broadly  clavate,  obtuse,  or  sometimes 
more  or  less  cleft  at  the  apex,  laterally  compressed,  surface  wavy  or 
somewhat  lacunose,  margin  crisped  or  undulated,  nmning  down  the 
stem  for  some  distance  on  opposite  sides,  hollow,  clear  yellow,  rarely 
with  a  tinge  of  red,  2-4  cm.  high,  1-2*5  c™-  broad ;  stem  ^i  cm. 
thick,  often  thickened  at  the  base,  hollow,  white,  often  becoming 
yellowish.  Asci  clavate,  apex  narrowed,  pore  blue  with  iodine, 
100-140  X  12-15  m;  spores  8,  arranged  in  a  parallel  fascicle  in  the 
ascus,  hyaline,  filiform-clavate,  base  narrowed,  multiguttulate  then 
muUiseptate,  enclosed  in  a  mucilaginous  sheath,  often  slightly  bent. 
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50-65  X  3  |i :  paraph>'«es  very  slender,  tepute,  often  branched,  the 
nnihickened  tips  more  or  lest  curved. 

•S^ii. — Ehflla  flavaia^  Schaeffer,  Icon.  Fung.  vL  tab.  149.  1773. 

HihfUa  spaikmiaia^  Afteliui,  Vet  Acad.  Handl.,  1775. 

Clataria  spaiMaia,  MulU  Flor.  Dan.  tab.  658,  1775. 

Hiirftta/eritaria^  Bohon,  Hist.  Fung.  tab.  97,  1789. 

^aikuiaria  Jiarida^  Penoon,  Tentaoien  Diip.  meth.  Fung.  36. 
1797;  Cooke,  Mycogr.  S03,  f.  34  a,  1879;  Phil.,  Brit.  Disc.  30. 
pi.  ii,  f.  7.  181)7. 

Hehflla  tpaikuiaria,  Sowerbj,  Eng.  Fung.  tab.  97,  1789. 

Spaikmlaria  JIara,  SwarU.  Vet.  Akad.  Handl.  10,  181 1. 

Spaikuiaria Jiavida^  fi  cn'spa,  Corda,  Icon,  ii,  tab.  15,  f.  tag,  1838. 

Aftfmia  spathilaia.  Fries,  Summa  Veg.  Scand.  583,  1846. 

^a/JMana  Jlarida,  P..  var.  piicaia,  ThQmen,  in  ThOm.,  Ftog. 
Attstr.  n.    as. 

Ext.—Sydaw.  Mfc.  March,  n.  3516;  Flor.  Ext.  Austro-Hung. 
n.  1947:  AV/r>.  N.  Amer.  Fung.  n.  ia68;  Schwett.  Krypt  n«  aig; 
AWArA  Fung.  Rhen.  nn.  1143,  a484  ;  Kloiu€k*Ratenk.,  Herb.  Mfc. 
n.  a8  ;  Remm.,  Fung.  Sel.  GalL  n.  3a6 ;  Kartim^  Fung.  Fenn.  n.  140; 
TXtfJww,  Fung.  Austr.  n.  9a5;  Jack^  ijrimer,  m,  SitaemS.^  Krjrpt 
Badens,  n.  337;  Ctfukf,  Fung.  Brit.  n.  470;  /'Ai/.,  Elv.  Brit  n.  3; 
Xa^^  Fung.  Kur.  n.  1  a6.  Nai/,  SckmM,  amd  Xmmae,  DeutachL  Scfaw. 
n.  cxciv;  XfAm^  AMiim.  n.  4a6;  fIVi/.  amd  Waii.^  n.  1085;  Ari., 
lirii.  Fung.  n.  a*; 7  ;  IksmatHres,  Crypt.  France,  a^r.  a.  n.  455;  Sanr.. 
Myc.  Vcn.  n.  16H. 

//ifA.— Hriuin,  I'onu^l  (iirnn^ufi),  France.  IWIgtum,  Nomray. 
S«cilrn,  ( Germany.  AuMru.  Swazrrlamt,  Italy,  Finland.  I'nitcd  Slates 
(Maine.  FuUn ,  w  nv 

\ct\  variable  in  mxt,  ilie  smaller  forms  sometimes  closely  resem* 
tiling  Urge  %|iecimen9  of  Mttrula  laruina. 

•pAthnUria  flaTA.  Mautt  (non  Swarti).    (I'l.  XII.  Fig«  t%  a6.) 

Ctrrgariouft  ;  a*<if;erous  fiortion  narromly  cllt|ilic -oblong or  narrowly 
elhptKal.  laterally  ccimprr^ned.  grooved,  nhowtng  a  lendenry  to  be 
flecurrent  down  «*|«|«Mite  \iiles  of  llie  stem,  from  «liKh  it  w  shar|4y 
differeiiiutrd  at  the  lav.  aliout  a  cm.  long*  r»-7  mm  wide,  pale 
primriise->rll4i«  ;  stem  eqiul.  or  slightly  thkkened  at  the  summit, 
a  little  |alrr  in  colrmr  than  the  fertile  portion,  and  about  equal  to 
SI  tn  length      .\^t  iU%-ate;    ftpf»rr«  arrangetl  in  a  parallel  faarkle. 
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narrowly  cylindrical,  S^io-septate,  almost  as  long  as  the  ascns; 
paraphyses  not  seen. 

Syn. — Gicglossum  flaimmt  Gillet,  Disc.  France^  84,  with  a  fig.,  1B79. 

Leptogloiium  Jiaown^  Sacc.,  Syll.  viii,  n.  159,  1889. 

Hob, — Among  moss. 

Distr. — ^France. 

Spatluilaria  velutipes,  Cooki  and  FarhWy  Grev.  xii,  37,  1883; 
FarhWf  Appalachia,  iii,  245,  1884 ;  Sacc,  Syll.  viii,  n.  164,  1889. 
(PL  Xm,  Figs.  86-88.) 

Gregarious,  entire  fungus  3-5  cm.  high;  ascigerous  portion 
spathulate,  even,  margin  somewhat  wavy,  laterally  compressed, 
decurrent  down  opposite  sides  of  the  stem,  hollow,  i*6-a  cm.  high, 
i-i*6  cm.  wide,  tawny  yellow;  stem  hollow,  nearly  equal,  minutdy 
velvety,  dark  brown  with  an  orange  tinge.  Ascus  davate,  apex 
narrowed,  not  blue  with  iodine,  85-100x10- 11  !»;  qx>res  89 
arranged  in  a  parallel  fascicle^  filiform-clavate,  apex  only  slightly 
thid^er  than  the  base,  slightly  curved,  multiguttulate,  &^oxi'Si^\ 
pan4)h3rse8  numerous,  cylindrical,  septate,  not  thickened  at  the 
strongly  curved  tips,  a  f*  thick. 

Exs. — EUis  ondEverA;  N.  Amer.  Fung.  ser.  a,  n.  2029. 

jffad. — On  mossy  trunks  in  damp  woods. 

Dis/r. — United  States  (White  Mountains  and  Lake  Willoughby, 
Vt.,  Far/aw). 

This  species  is  common  in  the  region  of  the  White  Mountains  and 
Lake  Willoughby,  Vt,  and  has  been  found  also  in  other  States. 
It  has  generally  been  named  by  American  collectors  SpathuJaria 
flavidoy  but  it  differs  widely  from  that  species.  The  substance  is 
firm  and  even  tough,  and  specimens  shrink  comparatively  little  in 
drying.  The  fungus  is  seldom  more  than  two  inches  high,  and  the 
stipe  is  of  a  dark  velvety  brown,  while  the  hymenium  is  somewhat 
yellow,  but  never  of  the  bright  yellow  colour  of  5".  flavida 
(Farlow,  l.c.). 

A  note  on  the  label  accompanying  the  specimens  sent  to  Cooke 
by  Professor  Farlow  reads  as  follows :  '  This  is  a  common  Spathu- 
laria  in  the  colder  parts  of  New  England,  where  it  grows  on  mossy 
logs  in  places  which  are  somewhat  moist,  but  not  very  wet.  The 
dried  specimen  gives  a  good  idea  of  the  habit  and  colour  when  fresh, 
as  it  changes  very  little  in  drying.' 
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Distinguished  from  all  known  species  bj  tbe  dark  velvecj  stem. 
The  spores  are  thinner  than  in  £/s«n<t,  and  I  have  not  been  able 
to  demonstrate  the  existence  of  an  investing  mucthginons  shealh  ; 
this  however  is  best  seen  in  fresh  spedmens*  and  is  of  no  specalc 
value. 

Tjiie  spec  imen  examined. 

Spnihulnrls  nifripon,  Sait.,  Sjll.  viii.  n.  i6t,  1889. 

Ascigerous  portion  ovoid-obkmg,  1  cm.  k>ng,  hteralljr  compressed, 
rugose,  undulate,  yillowish  or  flesh-cobur,  apex  rosy  or  rufiesoent; 
stem  cylindrical  or  compressed,  1  cm.  long,  base  inflated,  sHghily 
rugulose,  glabrous,  violet-brown ;  flesh  soft*  white,  smell  plrasant ; 
spores  acicular,  50  p>  k>ng,  guttulate,  hyaline. 

^«. — Mi'irmia  migripts^  Qu^let,  Suppl.  xi,  1 1,  ub.  vii,  f.  3,  Assoc. 
Pranf.,  1883. 

/b4.  -Caespitose  or  scattered  in  sandy  woods. 

Aiy^.^Marittme  Al|is  (BarU^ 

Qu^let  suggested  that  the  present  species  was  allied  to  Miirwim 
rm/a,  but  this  resemblance  is  superficial  only.  Saocardo,  on  the  other 
hand,  thinks  it  may  be  Sfaikmiana  fn'tpata^  forma  sp^ikmhim  of 
Fttckel.  Symb.  Myc..  Append,  ii,  66.  This  again  is  meuilngless,  as 
no  one  has  any  idea  as  to  what  S,  eritptJ^  is,  since  it  was  never 
described  nor  figurrd. 

•pttthnlariA  mlk,  SwarH^  Vet.  Akad.  HandL  181  a,  p.  11; 
Cookt,  Mycogr.  304,  fig.  343.  1878;  .Wr..  Syll.  viii,  n.  16a,  1889; 
Rthm^  Kr.-M.  n.  ri^7<it  1896;  not  of  Am.  Syst.  171.  tab.  xvii, 
f.  156  U.  II. 

(#rcgviout.  cntirr  fungus  1-4  cm.  high;  ascigerous  portion  obovate, 
e\cn,  margin  not  cri»|ed  nor  wavy,  lateraOy  com|>resaed.  decurfeiit 
down  o|>|iiMitc  ftitln  of  the  sirm.  aliout  1  cm.  high  and  5-7  mm.  broad, 
dingy  rufou»-orangr,  more  or  leu  powdered  with  lilac  meal;  stem 
terrtr.  uiually  more  or  lef^t  thickened  at  the  bajie.  retldiih  Uown  or 
bay.  Ami  cUvair.  a|)ei  narrowed,  not  blue  with  iodine,  100-130 x 
lo-ii^:  uporr*  H,  arranged  in  a  fiarallel  fascicle,  fikform-clavate, 
a|iex  ihickr»i.  straight  or  tltghtly  curved,  multigultulate  tlien  multi* 
•c|fUtr.  60-70  K  J  ^ :  |ftarapliy*es  dender,  septate,  sometimet  branched. 
lif«  «iften  iur\e(L  attout  a  p  thick. 

.Sriff      Mttfula  /iia,imj,  Qu^let.  Knchir.  969.  iH86. 
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Exs. — Rahenh^y  Fung.  Eur.  n.  235  (called  SpathuUa  rufa^  Nees); 
Raum.,  Fung.  Gall.  Eza.  n.  2075. 

Hob, — On  the  ground  in  woods  and  shady  places. 

Disir. — Germany,  France. 

Distinguished  from  allies  by  its  smaller  size,  dingy  orange-brown 
colour,  and  in  having  the  asdgerous  portion  even,  and  more  or  less 
powdered  with  lilac  meal.  A  very  fine  series  of  specimens  of  this 
q)edes  are  in  the  Kew  Herbarium,  having  the  following  on  the  paper 
on  which  they  are  mounted :  '  SpathuUa  bulhosa^  Rud.  Herb.  Neuhoff, 
Mecklenburg-Strelitz,  in  pinetis.    Dr.  F.  Rudolphi.' 

Sxiathiilaaria  Veediy  Bres.y  Fung.  Trident  66,  tab.  Ixxii,  fig.  3, 
1881 ;  Sacc,  SyU.  viii,  n.  163,  1889;  Rehniy  Kr.-R  n.  5878,  1896. 

Asdgerous  portion  ovoid,  sphaeroid,  or  spathulate,  laterally  com- 
pressed, decurrent  down  opposite  sides  of  the  stem,  even  or  rugulofle» 
margin  wavy,  gelatinous-fleshy,  whitish  tan  then  lurid  ochraceoos, 
somewhat  egg-yellow  when  dry,  i-s^^  cm.  high,  1-1*5  cm.  broad; 
stem  roundish  or  somendiat  compressed,  even,  becoming  rugulose, 
glabrous,  ochraceous-fuscous,  apex  paler,  stuffed,  i*s-3  cm.  long, 
3-4  mm.  thick;  flesh  similarly  coloured,  inodorous,  slighdy  acid. 
Ascus  fusdd-davate,  not  blue  with  iodine,  110-150x12-1811; 
spores  filiform-clavate,  apex  thickest,  multiguttulate,  slightly  curved, 
tinged  yellow,  60-80 x  i •5-2-5  ft,  with  an  outer  mucilaginous  coat, 
tinged  yellow,  8  in  an  ascus,  arranged  in  a  parallel  fascicle ;  para- 
physes  numerous,  branched,  filiform,  tips  curved,  about  2  fi  thick. 

Syn, — Spathularia  rufoy  Nees,  Syst.  171,  tab.  xvii,  f  156  B.  (not  of 
Swartz  nor  Cooke);  Pers.,  Myc.  Eur.  i,  198  ;  Gillet,  Disc.  France,  26, 
with  fig. 

Spathularia  rufa^  var.  hadipes^  Pat.  Tab.  Anal.  Fung.  70,  f.  161. 

Mitrula  ru/a,  var.  Qu^l.  xi,  Suppl.  p.  19. 

Hah. — On  pine  leaves,  &c.,  densely  gregarious. 

Z>i!r/r.— Germany,  France,  Italy. 

Bresadola  has  shown  that  the  fiingus  called  Spathularia  rufa  by 
Nees  is  not  the  fungus  so  called  by  Swartz,  and  further  considers  that 
the  fungus  described  above  is  the  one  Nees  had  in  view.  The  above 
description  and  synonymy  is  from  Bresadola. 
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VIBRISSEA,  FrieSy  emend. 

Stipitate,  vertical;  ascigerous  portion  pileate,  horizontal,  margin 
thick,  incurved  towards  the  stem,  upper  surface  fertile,  under  surface 
sterile,  glabrous;  stem  simple,  central.  Asci  narrowly  elongato- 
clavate,  apex  narrowed,  pore  not  blue  with  iodine ;  spores  8,  needle- 
shaped,  hyaline,  multiguttulate,  sometimes  becoming  multiseptate, 
arranged  in  a  parallel  fascicle  in  the  ascus;  paraphyses  very  slender, 
sometimes  branched  and  the  tips  curved,  septate. 

Vibrissea,  Fries,  Syst.  Myc.  ii,  31,  1823. 

Leotta,  Hill,  Hist.  PI.  43,  1751,  in  part. 

Cudonia^  Fries,  Summa  Veg.  Scand.  348,  1846,  in  part. 

Helotium  of  old  authors,  in  part. 

Superficially  resembling  Leoiia  in  the  ascigerous  portion  or  pileus 
being  horizontal  or  pileate,  with  a  free,  incurved  margin,  and  in 
having  an  elongated  stem,  but  differing  in  having  needle-shaped  spores 
arranged  in  a  parallel  fascicle  in  the  ascus.  Several  sessile  or  sub- 
sessile  species  that  have  been  included  in  the  present  genus  by 
different  authors,  are  here  excluded  on  account  of  the  presence  of 
a  more  or  less  distinctly  parenchymatous  cortex,  and  absence  of  the 
characteristic  margin  incurved  towards  the  stem.  V.  truncorum  is 
a  truly  aquatic  fungus,  and  at  maturity  the  needle-shaped  spores  escape 
partly  from  the  asci  and  vibrate  in  the  water,  hence  the  generic  name. 

Distr, — A  small  genus  containing  four  well-defined  species  confined 
to  the  North  Temperate  Zone.  V,  truncorum  and  V,  circinans  occur 
in  Europe  and  the  United  States;  V.  lutea  and  V.  ochroleuca  are 
confined  to  the  last-named  country.  Of  the  two  doubtful  species, 
V,  vermicularis  is  recorded  from  European  Russia,  and  F.  rimarum 
from  Kamtschatka. 

Key  to  the  Species. 

I.  Stem  minutely  velvety  or  squamulose. 
tmnoorum.     Pileus  deep  orange-red. 

II.  Stem  glabrous. 
oiroinans.     Pileus  pale  yellowish  flesh-colour,  under  surface 
wrinkled,  the  ridges  running  down  the  apex  of  the  stem. 
lutea.     Pileus  and  stem  yellow, 
oohroleuoa.     Pileus  ochraceous-white ;  stem  white. 

T 
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Vibriflfloa  tranoommi  Fries^  Syst.  Myc.  ii,  31,  1823;  Phil.^ 
Brit  Disc.  316,  pi.  z,  f.  60,  1887;  Phii.,  Tians.  Linn.  Soc.  (Bot), 
ser.  a,  ii,  5,  pi.  i,  f.  1-9,  1881 ;  Sacc.^  Syll.  viii,  n.  167,  1889; 
Rehmj  Kr.-R  n.  5888,  1896;  Massee,' Bni.  Fung.-FL  iv,  487, 
figs-  32-36,  P-  188.  1895.    (PL  XII,  Figs,  i^-i^a.) 

Gregarious  or  scattered,  oflen  in  clusters  of  a-3  specimens,  entire 
fungus  1-2  cm.  high;  ascigerous  portion  rather  fleshy,  orbicolar, 
slightly  convex,  margin  thick,  free,  and  inclined  to  be  incurved,  disk 
glabrous,  even,  usually  clear  orange-red,  sometimes  yellow  or  brownish 
red,  minutely  silky  with  the  protruding  spores  at  maturity,  3-5  mm. 
across ;  stem  6-15  mm.  long,  1*5-3  mm.  thick,  round,  almost  equal 
throughout,  densely  covered  with  coloured  obtuse-septate  hyphae 
spreading  at  right  angles  to  the  stem ;  when  these  hyphae  are  arranged 
in  clusters  the  stem  appears  to  be  minutely  squamulose,  varying  in 
colour  from  white  to  pale  grey,  brownish,  or  with  an  olive  tinge.  Asd 
very  long,  narrowly  cylindrical,  apex  sHghdy  narrowed,  not  blue  with 
iodine,  225-250  x  6  f*;  spores  8,  filiform,  hyaline,  multiguttulate  then 
multiseptate,  200  x  i  m>  arranged  in  a  parallel  fascicle  in  the  ascus ; 
paraphyses  very  slender,  sometimes  branched,  tips  slightly  thickened 
and  often  tinged  yellow. 

Syn, — LeoHa  Iruncarum,  Alb.  and  Schz.,  Consp.  Fung.  Nisk.  297, 
tab.  3,  f.  2,  1805;  Pers.,  Myc  Eur.  i,  199,  1822. 

Leo/t'a  clavusy  Pers.,  Myc  Eur.  i,  200,  tab.  xi,  fig.  9,  1822. 

Vtbrissea  Margarita,  White,  Scottish  Nat.  ii,  218,  1874;  Phil.,  Brit. 
Disc.  317 ;  Phil.,  Trans.  Linn.  Soc.  (Bot.),  ser.  2,  ii,  6,  pi.  i,  f.  10-16, 
1881 ;  Sacc,  Syll.  viii,  n.  170,  1889. 

Vtbrissea  truncorum,  Fr.,  var.  albipes.  Peck,  44th  Rep.  N.Y.  State 
Mas.  37,  1 89 1. 

Exs, — Phil.,  Elv.  Brit.  n.  4  and  4  bis\  Roumeg,,  Fung.  Sel.  GalL 
n  536 ;  Desm,,  Crypt.  France,  s^r.  i,  n.  830 ;  Moug,  and  Nest,,  Stirp. 
Crypt,  n.  781 ;  Ellis,  N.  Amer.  Fung.  n.  134. 

Hab, — On  decaying  and  submerged  wood,  branches,  and  leaves, 
principally  in  subalpine  districts. 

Distr, — England,  Scotland,  Wales,  France,  Germany,  Italy, 
Hungary  {Hazslinszfy),  Finland,  Belgium,  Switzerland  (Gadmenthal, 
G,  Nicholson),  Portugal  (Henriquez),  United  States  (New  England, 
Sprague ;  N.  Jersey,  Ellis ;  Cascade  Mountains,  Dr,  Lyalf). 

A  truly  aquatic  fungus,  completing  its  entire  development  only  when 
entirely  submerged,  and  attaining  the  largest  size  and  most  brilliant 
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colour  when  occurring  in  alpine  streams.  Very  beautiful  speciiaens 
were  found  by  Mr.  Cm.  Nicholson,  Curator  of  the  Royal  Gardens,  Kew, 
in  a  small  stream  in  the  Gadmenthal,  opposite  Feldmoos,  Switaerbnd, 
in  September,  1896.  Peck's  var.  albifes  b  nothing  more  than  the 
typical  form,  which  was  originally  described  and  figured  by  Albertine 
and  Schwcinitz  as  having  a  white  stem.  When  removed  from  the 
water  in  which  it  grows,  every  part  of  the  fungus  becomefi  darker  in 
colour. 

Vitelnw  oiroiiiMa,  Hau!^  Rendh.  KOggombAk,  in  Ung .  Akad. 
d  Wiss.  li,  15,  1881.    (PI.  XII,  Figa.  13.  14.) 

Gregarious,  often  growing  in  circles;  ascigerous  portion  fleshy, 
somewhat  viscid  when  moist,  pileate,  convei,  becoming  more  or  lets 
irregular,  margin  incurved,  usually  wav)* ;  under  surface  concave, 
minutely  wrinkled,  the  ridges  often  running  down  the  stem,  gbbrooa, 
pale  )-ellowi»h  flrsh<olour  or  yellowish,  i-a-5cm.  broad ;  stem  t^  cm. 
kmg,  often  crooked,  im|)erfectly  hollow,  cylindrical  or  thickened  above 
or  below,  pallid  or  reddish,  pulverulent,  gkbroua.  Asci  chivate,  apes 
rather  acutely  narrowed,  pore  not  blue  with  iodine,  150-180  x  lo-i  a  |i; 
spores  8,  arranged  in  a  parallel  fascicle,  linear-clavate,  often  slightly 
curved,  at  first  multiguttulate,  then  muhisqitate,  50-60x1^;  fi^n- 
physes  filiform,  toinetimes  branched,  tips  not  thickened,  oAea 
lurved. 

Syn,'  Ijtt^Ha  nrnmatu.  Pen.,  Comm.  Fung.  Clav.  31.  1797 ;  Pert., 
hon.  r!  DfMT.  16.  {.  y  f.  5-7,  1798-1800;  Fries,  Syst.  Myc.  ii.  17, 
iHi);  (  kc.  Myi«>K'r.  97.  fig.  172,  1H79  ;  Phil.,  Brit.  Disc.  14,  pi.  ii. 
f.  5.  1HH7 

HtLUHm  «if.iiijn/,  >vkattx,  Vet.  Akad.  Ilandl.  |i.  15,  i8ia. 

(\J''mtit  <ir.f«»iMi.  Krie^.  Summa  Vrg.  Scand.  J4H,  1846;  Rehm, 
Kr.-Kl,  II.  5HH7.  ttiiffi ,  .S4CC..  SvU.  vm,  n.  165,  1889. 

i.fotia  fCiaitiit,  iVin  .  .M>c.  Kur.  1.  19M.  1711. 

iithtlU  ff'.oitua.  Wahlb.,  Fl  1'|»m1.  464.  ittao. 

//.«!.  A'j^nA.,  Fung.  Kur.  n  j8  and  31a  (called  PodtmM  itntmtmi 
{i*frt.\^  f'nti,  AUpi.).  h'jfi/..  Fung.  Kc'hii.  n.  153;  fkttm,  Myc. 
l'ni%.  11    inov.  /'.  4/..  Fung.  Klten.  n   1139:  /^Mrnr.,  Fung.  Scl.  Has. 

y/ji    >  .VrnoiiK  ntit»%,  Ai.,  tn  wumlt,  chieflv  pine. 
i*ti/f      hriuiii.    Fraiiir.    Poriuical.    Sweden.    Norway.  Germany, 
bultrniu.  Austria.  Finlanil.  I  upland.  Lniird  States. 

T  i 
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Most  closely  alHed  to  Vibrissea  luteal  Peck,  under  which  species  die 
two  are  compared. 

Specimens  from  Persoon  examined. 

VibriBsea  Intea^  Pecky  asth  Rep.  N.  Y.  State  Mus.  97,  pi.  i^ 
figs.  19-23,  1872.   (PL  Xn,  Figs.  5-7.) 

Gregarious,  i-5-*a*5  cm.  high;  ascigerous  portion  subglobose, 
smooth,  margin  often  lobed,  inflezed,  free,  concave  below,  4-8  mm. 
across,  yeUow ;  stem  nearly  equal,  even,  smooth,  solid,  longitudinally 
wrinkled  when  dry,  rather  deep  yeUow.  Asci  davate,  apex  rather 
acutely  narrowed,  not  blue  with  iodine,  iis-i30Xi2fi;  spores  8, 
arranged  in  a  parallel  &scicle  in  the  ascus,  filiform  and  slighdy 
thickened  near  the  apex,  often  multiguttulate,  8o-90xi'Sm;  para- 
physes  numerous,  delicately  septate,  not  thickened  at  the  strongly 
curved  tips,  hjraline,  longer  than  the  asci,  about  a  fi  thick. 

Syn. — Cudoma  luiea,  Sacc.,  SylL  viii,  n.  166,  1889. 

Hab, — ^Prostrate,  mossy  trunks  of  trees  and  among  bllen  leaves  in 
woods. 

Z7fx/r.— United  States  (North  Elba,  Peck). 

Specimen  ftom  Professor  Peck  examined.  The  spores  often 
contain  a  row  of  oil-globules,  and  in  some  instances  there  are 
indications  of  septa. 

Cooke,  in  Mycogr.  97,  has  quoted  this  species  as  a  synonym  of 
his  LeoHa  circinans  ( Vibrissea  circinans^  Hazsl.) ;  this  however  is 
a  mistake,  the  present  species  being  quite  distinct  in  the  longer  spores 
and  form  and  colour  of  the  ascophore. 

Vibrissea  oohrolenoa,  Massee,    (PL  XIII,  Figs.  70-72.) 

Scattered,  somewhat  gelatinous,  entire  fungus  2*5-3  c^*  high; 
ascigerous  portion  pileate,  fleshy,  undulate,  margin  involute,  pale 
ochraceous,  glabrous,  up  to  i  cm.  across ;  stem  about  2-5  cm.  high 
and  3  mm.  thick,  glabrous,  white,  rather  flexuous.  Asci  clavate, 
apex  narrowed,  not  blue  with  iodine,  narrowed  below  into  a  long, 
slender  pedicel,  100-110x8-9^1;  spores  8,  filiform,  hyaline,  slightly 
curved,  at  first  3-septate,  then  5-7-septate,  25-30x2/*,  arranged  in 
a  parallel  fascicle  in  the  ascus ;  paraphyses  very  slender,  septate,  often 
branched,  tips  not  thickened. 

Syn. — Leotia  ochroleuca^  Cooke  and  Harkness,  Grev.  ix,  8,  1880; 
Sacc.,  Syll.  viii,  n.  2515,  1889. 

Hab, — On  damp  ground. 
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Diiir, — CUifoniia  (Harkmss,  n.  1371). 

Mott  nearly  allied  to  VAnssea  arn'mamSf  from  which  it  is  diatin- 
gniahed  by  the  shorter  spores  and  pure  white  stem. 
Type  specimens  examined. 

Doubtfmi  Species. 

▼ibriasM  ▼wmimilaria,  Weimmamm,  Hym.  Cast.  Ross.  487, 1836. 

Simple,  capitnlimi  snhorbicalar,  sublaciuose,  wateiy-paliid ;  stem 
sobcerete,  bUckish*brown. 

Gregarious,  stipes  firmly  attached,  replete  with  a  gelatinous  mass 
when  young,  becoming  partly  hollow  with  age,  generally  cylindrical 
(very  rarely  attenuated  towards  the  base  or  compressed),  straight  or 
curved,  tough,  smoky-black,  paler  below  the  piieus.  Piletis  (-s  liaea 
broad,  watery-pallid  when  young,  then  slightly  tinged  with  Uoe. 

I/aS.  —On  damp  rotten  wood  of  Abau  imomm  f 

Dis/r. — Russia. 

▼ibrteaft  rlmaram,  Fnes,  Syst  Myc  ii,  3s,  18S3;  Ssrr.,  SylL 
viii,  n.  169,  1889. 

SubCudculate ;  ycDow,  head  becoming  tawny,  stem  mmpifsacd 

Allied  to  the  firevious  one  [  V,  inmcpnm]^  but  truly  distinct  Entire 
fungus,  from  the  |ieculiar  habltal.  much  compressed ;  stem  1  inch  kmg^ 
thickness  \'ariablc,  fleiuous,  somewhat  connate  at  the  base.  Cap 
hemiiphrrical,  small  in  proportion,  becoming  rufoua.  otherwise  the 
entire  fungus  i%  yellow  (Fries). 

Hah.—  In  cratkt  in  i»ltl  rotten  worked  lieama. 

Ihiif.  -  KamtJihatka  <  WvrmMoii), 

MiTRUUi,  Friis^  cmeful. 

Aicciphorr  ereti,  black  or  bright  coloured,  dry,  or  in  tome  species 
slightl)  viM.iil  when  moiM ;  aKigerous  portion  clavate.  subspathulate, 
or  gitibuftr,  ufirn  laterally  comprcised,  and  showing  a  distinct  ten* 
den«.y  lo  liriomr  dciurrrni  tlown  op|«i*>ilr  sides  uf  tite  Mrm.  from 
wliiih  il  It  tluiply  dilicrcntuicd.  gUlirtms ;  sicm  Miincumes  iquamukise 
or  |iuUrruU-ii{.  Aki  tarri*»U  lylindrK-iU^'aic,  a|iex  narrowed  or 
olicuie,  porr  Uuc  «iih  iiKlinr  in  some  sfiecies,  not  oolourr<l  in  otheti; 
spiirrs  h>aline.  nairuwU  rlli|iiKal,  srpute,  rarely  continuous,  a-seriale. 
rarely  1  srriatr .  |iara|»h>ses  present. 
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Mitmla,  Fries,  S3rst.  Myc.  i,  491,  183 1. 

Gioghstum^  Pers.,  Obs.  Myc.  i,  11,  1796,  in  part. 

Jiiicn^lossum^  Sacc,  Consp.  Gen.  Disc,  Bot  Centralb.  xviii,  1x49 
1884,  in  part 

Lepioglossum^  Cooke,  Mycogr.  250  (as  a  subgenus),  1879;  as  a 
genus,  by  Saccardo,  Consp.  Gen.  Disc.,  in  Bot  Centralb.  xviii,  a  14, 
1884,  in  part. 

Verpa^  Swartz,  Vet  AL  Handl.  139,  1815,  in  part 

Clavariaj  in  part,  by  old  authors. 

The  present  genus  closely  resembles  in  general  appearance  and 
habit  Gicglossum  and  Spaihularia^  but  differs  from  both  in  the 
much  shorter,  hyaline,  elliptical  spores  being  arranged  in  a  a-seriate 
or  i-seriate  manner  in  the  ascus.  Miirula  laricina  often  grows  on 
heaps  of  dead  leaves  that  are  floating  in  water.  LeoHa  has  similar 
q;)ores,  but  the  ascigerous  portion  is  pileate,  with  a  free  margin 
incurved  towards  the  stem. 

Distr, — The  twenty-five  species  included  in  the  present  genus  have 
collectivdy  a  wide  area  of  distribution,  extending  from  Greenland  to 
Tasmania,  although  with  one  exception — M,  rufa — ^being  absent 
firom  the  tropics.  The  following  fifteen,  which  constitute  more  dian 
half  the  known  species,  are,  so  far  as  is  known,  confined  to  Europe : — 
M.  furptirasciHS^  Saccardoa^  olwacea,  hUetcens,  vifeiluta,  pusiUa^ 
sphaerocephala^  gracilis^  sclerotipes^  muscicola^  Rehmit\  mvUiforme^ 
globasa,  scleroiiarum,  armaria.  The  following  also  occur  in  Europe 
and  other  countries: — M,  serpentina^  laricina^  cucullala^  microspora. 
The  United  States  has  six  species,  two  of  which — M,  elegans  and 
luUola — are  not  known  from  elsewhere.  One  species  only  is  peculiar 
to  the  southern  hemisphere — M,  Berterii — having  been  collected  in 
Juan  Fernandez,  Tasmania,  and  New  Zealand. 


Kev  to  the  Species. 

I.  Pileus  with  a  distinct  purple  tinge. 

Xrarparasoens.     Plant  4-6  cm.  high;   every  part  blackish 
or  blackish-brown,  with  a  distinct  purple  tinge. 

BerteriL     Plant  about  a  cm.  high,  slender;    every  part 
dark  coloured,  with  a  purple  tinge. 
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.  high;  apex  of  pileus  purpUsh* 


remainder  ot  plant  whitish. 

IL  PiUus  dark  gnen  or  ochrmuous^ivt. 

— rpentfna.  Entire  fungus  dingy  green;  stem  minutely 
squamulose. 

olivmoM.  Entire  fungus  dingy  green ;  stem  glabrous,  base 
whitish. 

(There  is  a  purplish-coloured  variety  of  this  species.) 

Intsaosos.  Entire  fungus  pale  ochiaoeous-olive  except  base 
of  stem,  which  is  green. 

III.  PiUas  clear  ytlUnv  to  orange. 

larioina.  Pileus  broadly  ovate  or  subglobose,  egg*yeIlow. 

vlt^lliiia.     Pileus  cylindrical,  apex  narrowed,  egg-ydlow. 

alegana.  Entirely  pale  yellow;  stem  slenderi  elongated, 
glabrous. 

hiteola.  Entirely  pale  yellow;  stem  short,  distinctly 
tomentose. 

IV.  PiUms  taumy^ytttow^  broam^  or  bay. 

mlk.     Entire  fungus  4-6  cm.  high  ;  rufous  to  dingy  yellow. 

cnoullata.  Entire  fungus  i-a  cm.  high;  head  irregularly 
obovatc,  »tcm  dark  brown,  crooked. 

puallla.  Kntirc  fungus  |-i  cm.  high;  head  clavate  or 
subgldbi^sc  ;  stem  yellow,  usually  cruoked.  Growing  on  dead 
leaves  of  PiHMS  sillies trts, 

sphaerooephaia.  Entire  fungus  under  1  mm.  high ;  head 
glolK)sc,  .stem  straight.     Growing  on  dead  pine  leaves. 

graoilis.  Kntirc  fungus  a-a-j  cm.  high ;  head  orange- 
brown  ;  stem  wavy,  flesh-colour. 

•oleroUpea.  Entire  fungus  rusty«yellow,  i-a  cm.  high; 
stem  ^prin^ing  fn>m  a  small  yellowish  sclerotium. 

nnsetoola.  Kntirc  fungus  1  1  *.;  cm.  high ;  head  subglobose, 
rugukise  towards  the  base  ;  stem  yellow. 

Bfthmil.  Kntire  fungus  a- j*5  cm.  high ;  head  obovate, 
with  longitudmal  ribs;  stem  white,  then  yellowish. 
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bioolor.  Entire  plant  about  6  cm.  high ;  head  narrowly 
lanceolate,  brown;  stem  wavy,  channelled. 

multiforme.  Fungus  i-2  cm.  high ;  pileus  davate,  capitate, 
or  pileate,  dingy  brown ;  stem  whitish. 

globota.  Plant  3-5  cm.  high  ;  head  globose ;  stem  slender, 
every  part  dark  bay. 


V.  Entirely  whitish  or  pallid. 

aolerotionim.     About   i   cm.    high;     springing    from   a 
sclerotium. 


VI.  Plant  entirely  black. 

mioroepora.    Plant  3-6  cm.  high ;  stem  not  tinged  olive. 

arenaria.  Plant  a-4  cm.  high;  stem  squamulose,  tinged 
olive. 

partita.  Ascigerous  portion  tongue-shaped,  more  or  less 
divided. 

Mitmla  pnrpiirafloena,  Massee.    (PI.  XII,  Fig.  27.) 

Caespitose  or  gregarious,  entire  fungus  3-6  cm.  high,  dry,  every  part 
blackish  or  blackish-brown,  with  a  distinct  reddish-purple  sheen,  be- 
coming almost  black  when  dry,  imperfectly  hollow,  flesh  dingy  purple ; 
ascigerous  portion  glabrous,  variable  in  form,  cylindric-ovate,  clavate, 
or  irregularly  lobed  and  deformed,  often  laterally  compressed,  1-2  cm. 
long,  up  to  I  cm.  broad,  often  much  smaller ;  stem  subcylindrical, 
minutely  squamulose.  Asci  clavate,  apex  narrowed,  pore  blue  with 
iodine,  80-100x10 ft;  spores  8,  irregularly  2-seriate  above,  i -seriate 
below,  hyaline,  smooth,  3-5-guttulate,  and  becoming  3-septate, 
narrowly  cylindric-fusoid,  ends  narrowed,  often  slightly  curved, 
24-30  X  5  fi;  paraphyses  slender,  septate,  tips  clavate,  brownish. 

Syn, — Geoglossum  purpurascens^  Persoon,  Comm.  Fung.  Clav.  39, 
1797. 

Geoglossum  airopurpureum,  Pers.,  Obs.  Myc.  ii,  62,  t.  3,  f  5,  1 799 ; 
Fries,  Syst.  Myc.  i,  490,  1821 ;  Cke.,  Mycogr.  10,  f.  16,  1879. 

Clavaria  mitraia,  Holmsk.,  Fung.  Dan.  i,  21,  with  an  excellent 
fig.,  1799. 
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Mitnda  glakra^  Kartt.»  Myc.  Fenn.  i,  30,  1871. 

Micrcghisum  atr^furpurnm^  Kant,  Rev.  Mod.  ito,  1885;  Stcc, 
Sjril.  viii,  n.  130,  1889 ;  Rehm,  Kr.-R  n.  5867,  1896. 

Gfcghtsum  Hooktri,  Cooke,  Hedw.  1875,  9;  Oie.,  Mjrcogr.  to, 
r.  15.  1875. 

Microglossum  Ho&ken\  Sacc.,  Syll.  viti,  n.  ia8*  1889. 

Exs, — Karsien^  Fung.  Fenn.  n.  448. 

Hah. — On  the  ground  among  grasi,  Ac. 

Disir, — Britain.  France,  Gennany,  Sweden,  Finland,  Denmark. 
Russia. 

Stem  fibrilloftcr  or  squamnkMe,  firm,  paler,  chib  lomecimes  lerete. 
sometimes  compressed  or  bifid,  and,  especially  in  late  autimw,  ven* 
trioose  and  deformed,  distinct  from  the  stem  (Fries). 

Most  authors  hitherto  have  considered  the  fungus  described  above 
as  being  the  species  called  Cktvaria  a/rpfmrfmrtia,  Batsch  (Elench. 
Fung.  pp.  133  and  179,  ub.  xi,  f.  47,  1783).  There  is  a  general 
superficial  rcMrmMancc  certainly  to  the  single  specimen  figured  by 
BatKh,  and  thi»  resemblance  has  been  accepted  as  suflldent  evidence ; 
whereas,  if  the  autlK>rs  had  taken  the  trouble  to  read  Batach's  dlagnosia 
of  hift  s|iccics.  thc-y  would  have  found  that  he  says,  *subManlia 
Kgnosa-subcroaa,  alba ' ;  a  sutement  which  does  not  at  all  agree  with 
the  structure  of  the  fungus  under  consideration.  Furthermore, 
BatKh  cites  Muhth,  pi.  Ixxxvi  (obviously  a  slip  for  pi.  kxavii), 
fig.  a,  which  rrprntcnts  Ciararta  fuiiliaru.  Finally,  although 
HaticirR  fiK^''^  ftlio«<(  A  purple  tinge  (in  some  copies),  it  it  descrilied 
as  *  fulvo-atra.'  In  all  prolubiliiy  liatKh't  figure  represents  some 
daxand  near  to,  if  not  ideniica]  with.  C.  pahiiarit.  On  the  other 
hand,  the  fungus  descritied  above  i»  certainly  Gfty^loitmm  pttrfmratctm^ 
Pen  (C'omm.  Fun^.  C'lav.  39,  1797),  and  tlie  above  diagnosis  is 
drawn  up  from  s|>ccimen!i  thus  named  by  Prrsoon  himielf,  and  ik>w 
in  the  Kew  llerliarium. 

The  »peiie<»  called  Gtagiossum  Hooktri,  by  Cooke,  was  founded  on 
a  smgle  fe|»r<-iinen  without  locality  m  the  llookerun  Herbarium  at 
Kew,  and  «as  drMrrilietl  as  being  Uaik,  wluch  \\  true  of  the  dry  stale. 
The  fttruittirr  ii  iileniKal  with  tliat  of  \titruia  frnfmrAuau^  which  is 
alto  black  «lien  dry.  C*(K>kr  wa*  mistaken  in  iietcrit«ing  his  G.  Hpoktri 
a*  having  two  ktntU  <»f  |araphysrs;  tlie  presumed  large  ones  being 
sim|*ly  immature  aaci.  whKh  show  clearly  the  a|«cal  pore  bhe  when 
treated  with  lodtne. 
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jCitamla  Berterii,  Maniag.,  Ann.  ScL  Nat.  sfr.  ii,  t  3,  351, 1835 ; 
Moni.,  in  Flor.  Chil.  (Crypt)  397,  Atlas,  pi.  8,  f.  5,  1850;  &uc.^ 
SyD.  viii,  n.  117,  1889;  Cke.,  Mycogr.  104,  fig.  180, 1876.    (H.  XII, 

Figs-  33-36) 

Gregarious,  entire  fungus  a-4  cm.  high ;  ascigerous  portion  narrowly 
cylindrical,  both  ends  slightly  narrowed,  glabroos,  blackish  brown  with 
a  tinge  of  purple,  7-14  mm.  long,  about  a  mm.  thick ;  stem  simiburij 
coloured  to  the  fertile  portion,  and  a  little  thinner,  straight  or  flezuoos. 
Asd  narrowly  cylindric-davate,  apex  slightly  narrowed,  pore  Uoe  with 
iodine,  70-80x5  m;  spores  8,  obliquely  i-seriate,  or  inclined  to  be 
a-seriate  upwards,  hyaline,  continuous,  smooth,  usually  slighdy  conred, 
linear-elliptic,  7-10  x  i«5-a  /»;  paraphyses  slender,  tips  slightly  davate 
and  tinged  with  brown  or  red. 

Syn, — Mihrtda  vinota.  Berk.,  Flor.  Tasm.  ii,  273,  i860;  Cke., 
Mycogr.  104,  f.  181,  1876;  Sacc.,  SyU.  viii,  n.  118,  1889. 

Hai.^  On  rotten  wood  and  bark. 

Disfr. — ^Juan  Fernandez  {Ber/ero),  Tasmania  {Archer)^  New  Zeafamd 
(Colenso,  n.  407  b), 

A  portion  of  the  type  of  M,  Berterii^  collected  by  Bertero  in  Joan 
Fernandez,  was  sent  to  Berkeley  by  Montague,  and  is  now  in  the 
Kew  Herbarium ;  this  has  been  examined,  along  with  Berkeley's  tjrpe 
of  ^.  vmosa^  and  the  two  prove  to  be  identical  in  every  respect. 

Mitrula  Saooardoa,  Bagm's,  Micol.  Romana,  in  R.  Acad,  del 
Lincei,  sen  iii,  i,  839,  pi.  i,  f.  5,  1887;  Sacc,  Syll.  viii,  n.  106,  1889. 

Ascigerous  portion  globose-ovoid,  stout,  apical  i)ortion  vinous  purple, 
lower  part  white ;  stem  stuffed,  yellowish  white.  Asci  linear-clavate ; 
spores  8,  hyaline,  tinged  vinous,  guttulate,  asperulate. 

Hab, — On  fallen  and  decayed  stems  and  leaves. 

Dtsir, — Italy  (outside  the  gate  of  St.  Pancrazio,  Rome,  Bagnis), 

Apparently  a  very  fine  and  distinct  species,  but  rather  imperfectly 
described.  The  somewhat  coarse  figure  shows  the  entire  fungus  to 
be  7*5-8  cm.  high ;  ascigerous  portion  elliptical,  2'5-3  x  i  cm. ;  stem 
5  cm.  high,  3  mm.  thick  at  the  apex,  slightly  tapering  towards  the 
base,  inclined  to  be  flexuous ;  spores  obliquely  i -seriate,  20-24  x  7-9 11. 

Mitrula  serpentina,  Massee,    (PI.  XIII,  Fig.  68.) 

Usually  tufted,  entire  fungus  dingy  yellowish  green  or  olive-green, 
stem  usually  paler,  2-4  cm.  high,  sometimes  much  larger ;  ascigerous 
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portion  about  half  the  entire  length  of  the  fungus,  clavate  or  sub- 
cylindrical,  hollow,  often  compressed,  terminating  abruptly  and 
irregularly  below,  glabrous,  rather  slimy  when  wet;  stem  thinner 
than  the  ascigerous  portion,  nearly  cylindrical,  minutely  squamulose 
or  granulose ;  flesh  tinged  green.  Asci  narrowly  clavate,  apex  a  little 
narrowed,  pore  blue  with  iodine,  100-130x11-12  /*;  spores  8, 
irregularly  2-seriate  above,  i -seriate  below,  hyaline,  smooth,  narrowly 
elliptical,  ends  rather  acute,  often  slightly  curved,  3-5-guttulate,  then 
3-septate,  13-18x5  m;  paraphyses  slender,  septate,  straight,  apex 
clavate  and  tinged  green. 

Syn, — Clavaria  serpentina^  O.  F.  Muell.,  Zool.  Dan.  Prod.  256, 1776 ; 
Schrank,  Baiersche  Fl.  ii,  571,  1789. 

Geoglossum  virtde^  Pers.,  Comm.  40,  1797 ;  Fries,  Syst.  Myc.  i,  489, 
1 821;  Cke.,  Mycogr.  9,  fig.  14,  1875  (spores  too  large);  Phil.,  Brit. 
Disc.  32,  1887. 

Clavaria  miiraia,  /3  viridis,  Holmsk.,  Fung.  Dan.  24,  with  fig.,  1798.- 

Clavaria  viridis^  Schrad.,  Flor.  Dan.  tab.  1258,  f.  i,  1791. 

Leoiia  geoglossoideSy  Corda,  Icon.  Fung,  iii,  37,  fig.  94,  1839. 

Leoiia  viridis^  Fuckel,  Symb.  Myc.  284,  1869-70. 

Miirtda  viridis,  Karst.,  Myc.  Fenn.  i,  29, 1871 ;  Massee,Brit.  Fung.- 
Fl.  iv,  482,  1895 ;  Sacc,  Syll.  viii,  n.  124,  1889. 

Lepioglossum  viride^  Cke,,  Mycog.  250,  1879. 

Microglossum  viride,  Gillet,  Disc.  France,  25,  with  fig.,  1879;  Rchm, 
Kr.-FL,  n.  5866,  1896. 

Exs, — Rab.y  Fung.  Eur.  n.  524,  1625;  Rehm,  Ascom.  151;  PhiL^ 
Elv.  Brit.  54 ;  Vize,  Brit.  Fung.  482 ;  Libert,  Crypt.  Ard.  Fasc.  ii, 
n.  123;  Kloizsch,  Herb.  Myc.  ed.  Rab,  n.  239;  FckL,  Fung.  Rhen. 
n.  1 140;  Cke,,  Fung.  Brit.  ed.  ii,  n.  395;  Roum,,  Fung.  Gall.  Exs. 
n.  2378;  Desm.,  Cr.  France,  s^r.  i,  n.  425;  Moug.  and  Nest.,  Stirp. 
Cr.,  n.  994;  Kunze,  Fung.  Sel.  n.  196;  Karsten,  Fung.  Fenn.  n.  449; 
Westend,  Herb.  Crypt.  Belg.  (Cripin\  n.  863 ;  Ellis  and  Everh.,  N. 
Amer.  Fung.  ed.  ii,  n.  2030. 

Hab, — On  the  ground  among  grass  and  moss,  in  damp  places. 

Distr, — Britain,  Portugal,  France,  Belgium,  Denmark,  Sweden, 
Finland,  Germany,  Austria,  Switzerland,  Italy,  United  States  (West 
Chester,  Pa.,  Everhart),  Sikkim  (Sachoong,  8,000  ft.,  Yeumtong, 
1,200  ft.,  Dr.  [now  &*r]  /.  D.  Hooktr). 

Variable  to  some  extent  in  colour,  depending  on  locality  and  season, 
ranging  from  yellowish  green,  through  verdigris,  to  dark  olive^green, 
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the  stem  is  usually  paler  in  colour  than  the  ascigerous  portion.    The 
entire  fungus  generally  becomes  blackish  green  when  dry.    Usually 
rather  densely  clustered,  the  individual  plants  slender,  2-3  cm.  higfa» 
but  sometimes  much  taller  and  stouter,  as  figured  by  Holmskiold 
Specimen  from  Persoon  examined. 

Mitnila  olivaoea^  Sacc,^  Syll.  viii,  n.  125,  1889;  Massee^  Brit 
Pung.-Fl.  iv,  483,  1895. 

Gregarious  or  caespitose,  entire  fungus  3-4  cm.  high,  dry,  dingy 
olive-green,  sometimes  with  a  purple  sheen,  stem  paler,  entirely 
blackish  green  when  dry;  ascigerous  portion  1-2  cm.  long,  up  to 
5  mm.  broad,  cylindric-ovate,  apex  usually  narrowed,  sometimes 
obovate  or  irregular  in  form,  glabrous,  more  or  less  compressed  and 
grooved;  stem  subcylindrical,  glabrous,  base  slightly  thickened  and 
whitish.  Asd  narrowly  clavate,  apex  narrowed,  pore  blue  with  iodine, 
90-100  xio-i  I  m;  spores  8,  irregularly  2-seriate  above,  i-seriate 
below,  narrowly  elliptical,  ends  rounded,  3-4-guttulate,  hyaline, 
smooth,  continuous,  often  slightly  curved,  15-19  x  S--^  M ;  paraphyses 
slender,  tips  slightly  clavate  and  tinged  olive. 

Syn. — Gioglossum  dwaceum,  Pers.,  Obs.  Myc.  i,  40,  tab.  5,  f.  7, 
1796;  Cooke,  Mycogr.  9,  fig.  14,  1875. 

Lipioglastum  olwaceum^  Cke.,  Mycogr.  250,  1879;  Phil.,  Brit  Disc 
33,  1887. 

Microglossum  oitvacmm,  Gillet,  Disc.  France,  26,  with  a  fig.,  1879; 
Rehm,  Kr.-Fl,  n.  5868,  1896. 

Geoglossum  oiivaceum,  var.  purpureuniy  Berk.,  Outl.  pi.  22,  f.  2, 
i860. 

Geqglossum  carn^m,  Schultz,  Flor.  Starg.  486,  1806. 

Exs, — Phi'L,  Ely.  Brit.  n.  5;  Ck^.,  Fung.  Brit.  n.  650;  Cke,,  Fung. 
Brit.  ed.  ii,  n.  396 ;  /ack,  Letrur,  u,  Sttzenb,,  Krypt.  Badens,  n.  650 ; 
Rab,,  Fung.  Eur.  n.  1820;  Kunze^  Fung.  Sel.  n.  195. 

Hob, — On  the  ground  among  short  grasS)  moss,  &c. 

Disir, — Britain,  France,  Germany,  Belgium,  Finland. 

The  fi  purpureum  of  Berkeley  differs  only  in  colour,  which  is  dingy 
purple  when  fresh,  and  becomes  indistinguishable  from  the  typical  form 
when  dry.  The  same  is  true  of  the  form  called  Geoglossum  cameum, 
Schultz,  which  is  said  to  be  slender,  compressed,  flesh-colour,  stem 
paler.  The  colour  of  the  type-form,  even  in  the  same  patches,  varies 
in  different  individuals  to  brown,  olive,  and  purple. 
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mtrala  hitMoaiM.  Masm  (non  Btrk:),    (PI.  XIII,  Fig.  77.) 

Sautered  or  fascicolate,  entire  fungus  y^i  cm.  high;  ucigerous 
portion  15-ao  mm.  long,  i-io  mm.  broad,  at  fint  nibcjrlindrical,  then 
compretied»  lanceolate,  apex  rarelj  rounded,  jellowiih  olive  or  grejiih 
ochraceous,  solid,  flesh  pale  ochrmceous,  sharply  difcrentiatcd  iron 
the  stem,  which  is  similar  in  colour  except  at  the  base,  which  is  greenish 
both  inside  and  out,  minutely  squamulose,  espectalljr  upwards.  Asct 
inoperculate,  subclavale,  slightly  narrowed  towards  the  base,  ijo- 
igox  15-17  m;  spores  8,  irregularly  arsenate,  oblong-fusoid,  straight 
or  slightly  curved,  hyaline,  3-4-guttulate,  so-s6x6-7  p\  paraphyics 
slender,  irregularly  branched  from  the  base,  tips  davate  or  snbcapitate, 
3-4  M  thick,  and  often  coated  with  mucilage. 

Syn.-^Microghtsum  iaUiscens,  Boudier,  BtilL  Soc.  Myc.  France. 
14,  pi.  IV,  f.  I,  1896. 

Hah, — On  sandy  clay  ground,  sides  of  roads  in  woods. 

Disir, — France  (Montmorency,  Bottdier), 

This  ki>ecics  agreeii  in  many  respects  with  M.  vtrMs,  but  I  consider 
It  quite  dihtinct  by  the  colour  being  more  ochraceous  than  green 
excqit  at  the  base  of  tlie  stem,  by  the  ascigerous  portion  being 
rebtively  shorter,  more  lanceolate,  broader  in  the  middle,  and  more 
comprnscd,  alM>  by  the  stem  being  flnely  squamulose ;  the  S|iores  are 
also  a  little  larger  and  the  a>ci  a  little  smaller.  It  occurs  on  ground 
which  is  not  pure  clay.  It  is  also  neighbour  to  M.  o/trana,  but  is 
well  diMinguinlietl  by  it»  more  ochrai  cous  colour,  general  smaller  fiiie, 
stem  \(m^rt  than  iIm*  aMii;rrou»  |Mmion  ami  grrrni»h  at  the  lase. 
para|»h>*<-<k  uMially  not  lurvrtl  at  thr  li|>s,  and  by  the  »lightly  largrr 
and  strai^hirr  fk|H >rr%.  l>urinir  drun^,  llir  present  »|(ctieii  becomes 
greener,  «licfra<i  un<!rr  ihr  Mnie  i  onditum*  J/,  rtn^hs  becomes  yellower 
(Boudief 

MltniU  UiicinA.  Masttt     {VI  XIII.  Fig.  69.) 

(•r>*gir:ou%  nitirr  fuii^u»  j-6  tm.  high;  ascigerous  |Kirt ion  variable 
in  %ifr  anil  iklu|»r,  t  lavate.  MibKl^bo»e.  cir  ovatr,  nomeCtmes  more  or 
W«  «t:\i<lrt  into  t»f  lortionft.  often  m<ire  or  less  cnmpre«fted,eft|iei tally 
wlirii  UrK**.  fragile,  fslabrttun.  lieicmtiiig  holkiw,  entirely  adnate  to  tlie 
stem,  l>ut  the  Umrr  margin  sharp  and  di»tirMt.  uiually  slightly  de- 
currefftt  down  o|>|tfft«tie  %h\cs  of  the  »tem,  varying  m  colour  from 
cgK-.^c-llow  til  itf«-|i  oranKr*re<l,  |-i|  tm.  high  and  broad;  stem 
a-$  ntm    ihuk.   Mraight  c»r  wavy,  kinoolh  and  with  a  silky  sheen. 
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white,  or  with  a  tinge  of  pink  or  yellow,  becoming  hollow.  Atci 
narrowly  clavate,  apex  narrowed,  the  minute  pore  slightly  blue  with 
iodine,  100-130  x  8-9  /«;  spores  8,  obliquely  i -seriate  or  often  irrega- 
larly  a-seriate  near  the  apex,  hyaline,  smooth,  elliptical  ends  blunt, 
usually  slightly  curved,  often  becoming  distinctly  i -septate  at  maturity, 
ia-i8x3'5-4M;  paraphyses  septate,  sometimes  branched,  slightly 
thickened  at  the  tip,  about  a  ^  thick. 

Syn. — HdveUa  laridna^  Villars,  FL  Dauph.  iii,  1045,  ^^'  ^^  (quoted 
Iv  in  textX  1786-89. 

Clavaria  phalloides.  Bull.,  Champ.  France,  a  14,  pl.  465,  f.  3, 
1791-98. 

Clavaria  epiphyUa^  Dickson,  Plant.  Crypt,  iii,  2  a,  tab.  ix,  f.  10, 

«793- 
Leoiia  lartctna^  Pers.,  Syn.  Fung.  614,  1801. 

Leotia  Ludungti^  Pers.,  Syn.  Fung.  611,  tab.  3,  f.  13,  1801. 

Lioha  Dtcksom,  Pers.,  Syn.  Fung.  61  a,  1801. 

Leotia  BuUiardi,  Pers.,  Syn.  Fung.  612,  1801. 

Mitnda  pabtdasa,  Fries,  Syst  Myc.  i,  491,  182 1 ;  Phil.,  Brit.  Disc. 
a8,  pL  ii,  f.  6,  1887 ;  Cooke,  Mycogr.  loi,  fig.  175,  1879. 

Miiruia  phalloides,  Chev.,  FL  Paris,  114,  1826-27 ;  Sacc,  Syll.  viii, 
n.  99,  1889;  Massee,  Brit.  Fung.-Fl.  iv,  481,  figs.  29  and  30  on 
p.  188,  1895 ;  Rehm,  Kr.-Fl.  n.  5860,  figs.  1-4  on  p.  11 43,  1896. 

Leoiia  uliginosa,  Grev.,  Scot.  Crypt.  Fl.  tab.  312,  1823. 

Mitrula  paludosa,  var.  pachyceps,  Karst.,  Rcvis.  Men.  Ascom.  Finl. 
no,  1885. 

Exs,—R(mm,^  Fung.  Gall.  3722  ;  Flor.  Exs.  Austr.-Hung.  n.  1975 ; 
PhiL^  Elv.  Brit.  n.  2;  Rehm^  Ascom.  n.  601;  Rabenh,- Winter,  Fung. 
Eur.  n.  2844;  FckL,  Fung.  Rhen.  n.  1236;  Klotzsch,  Herb.  Myc.  ed. 
Rabenh,  n.  132;  Roum.^  Fung.  Sel.  Gall.  n.  160;  Zopf  and  Sydaw, 
Myc.  March,  n.  31,  with  fig.;  Karsi.j  Myc.  Fenn.  n.  24;  Thiimen, 
Myc.  Univ.  n.  in;  Moug,  and  Nesiler,  Stirp.  Cr}'pt.  n.  685 ;  Desm,, 
Crypt.  France,  s^r.  i,  n.  606;  Berk,,  Brit.  Fungi,  n.  278 ;  Flor.  Gall, 
and  Germ.  Exs.  n.  796;  Rav,,  Fung.  Carol.  Exs.  n.  36;  Ellis,  N. 
Amer.  Fung.  n.  433. 

Hab, — On  decaying  leaves  and  rotten  wood  in  damp  places,  or 
when  floating  in  water. 

Distr, — Britain,  France,  Portugal,  Italy,  Germany,  Sweden,  Den- 
mark, Belgium,  Switzerland,  Finland,  Russia,  United  States. 

When  exceptionally  large  and  having  the  pileus  laterally  compressed, 
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and  with  well-developed,  decurrent  lobes  on  opposite  sides  of  the 
stem,  the  present  species  superficially  resembles  Spathularia  clavala, 
from  which  species  it  is  readily  distinguished  by  the  very  different 
spores.  BuUiard's  specific  name  is  antedated  by  that  of  Villars,  as 
given  above ;  the  date  given  by  Saccardo  for  Bulliard's  work  is  that 
of  the  last-named  author's  Hist,  des  PL  V^n.  et  suspectes  de  la  France, 
and  not  the  Hist,  des  Champ,  which  forms  the  second  part  of  the 
Herb,  de  la  France,  dating  1791-98. 

Form  alba. 

Entirely  white,  head  subglobose ;  otherwise  as  in  the  typical  form  ; 
spores  often  i -septate. 

Syn. — Miirula  alba^  W.  G.  Smith,  Grev.  i,  136,  pi.  10,  lower  fig., 
1872;  Cooke,  Mycogr.  102,  f.  177, 1875;  Phil.,  Brit.  Disc.  27,  1887  ; 
Sacc,  Syll.  viii,  n.  103,  1889. 

Miirula  phalloidesy  v.  alba^  Massee,  Brit.  Fung.-Fl.  iv,  482,  1895. 

Hab, — Among  damp  or  submerged  dead  leaves. 

Distr, — England  (East  Budleigh,  Perceval  \  Carlisle,  Dr,  Carlyle), 
Italy  (Bagnis), 

Mitrula  vitellina,  Sacc,  Misc.  Mycol.  ii.  15,  1885;  Sacc,  Syll. 
viii,  n.  115, 1889;  Rehm,  Kr.-Fl.  n.  5865,  1896.    (PI. XII,  Figs.  3-4^.) 

Ascigerous  portion  subcylindrical,  terete  or  somewhat  compressed, 
apex  narrowed,  glabrous,  bright  egg-yellow,  1-1-5  cm.  long,  2-5-3  ^^' 
thick;  stem  somewhat  compressed,  white,  fibrillose,  stuffed,  1-5  cm. 
long,  2-5-3  "^^-  thick,  substance  spongy-fleshy,  white.  Asci  narrowly 
clavate,  apex  rounded  or  inclined  to  be  truncate,  not  blue  with  iodine, 
75-80  X  7-8  /i ;  spores  8,  obliquely  i -seriate,  or  inclined  to  be  2-seriate 
above,  continuous,  smooth,  elliptical,  often  slightly  inaequilateral,  with 
a  very  slight  yellow  tinge,  7-8  x  4  f*;  paraphyses  slender,  septate, 
slightly  thickened  upwards,  rare. 

Syn, — Geoglossum  {Microglossum)  vMlinum,  Bresadola,  Revue 
Myc.  iv,  212,  1882 ;  Bres.,  Fung.  Tridentini,  41,  tab.  xlv,  f.  i,  1881. 

Hab. — Alpine  pine  woods. 

Z?w/r.— South  Tirol  (Valle  di  Rabbi,  Bresadola), 

Almost  similar  in  habit  and  colour,  except  the  stem,  to  Clavaria 
ligula,  with  which  it  has  probably  been  confounded.  Intermediate 
between  Geoglossum  and  Miirula  (Bres.). 

Specimens  from  Bresadola  examined. 
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Hitrula  elegaOB,  Friri,  Symb.  Nov.  119,  1851;  Berk.,  Grev.  iii, 
149.  1875;  Hedw.  1875,  9;  Coeit,  Mycogr.  104,  fig,  183,  1875; 
Stuc,  Syll.  n.  119,  i88g. 

Gregarious,  entire  fungus  4-7  cm.  high,  dingy  yellow  when  dry ; 
ascigeroua  portion  narrowly  obovate,  laterally  compressed  and  slightly 
decurrent  down  opposite  sides  of  the  stem,  glabrous,  even,  4-7  mm. 
high  ;  stem  elongated,  slender,  almost  equal  throughout,  somelimes 
forked,  glabrous,  3—4  mm.  ihick.  Asci  narrowly  clavate,  apes  slightly 
narrowed,  pore  blue  with  iodine,  100x8-9/*;  spores  8,  a-seriate 
above,  i-seriate  near  base  of  the  ascus,  smooth,  continuous,  linear- 
fusiform,  usually  slightly  curved,  i2-r4X3fi;  paraphyses  slender, 
septate,  very  slightly  thickened  at  the  tip. 

Syn. — Leefia  rlegans,  Berk.,  Lond,  Joum.  BoL  v,  6,  1846. 
Hab. — On  the  ground. 

Dittr. — United  Stales  {Greene,  n.  66),  Ohio  (Lindi/om). 

A  striking  species,  remarkable  for  the  long,  slender  stem,  which  at 

a         :  s      jesis  having  been  drawn  up  by  growing  amongst  long 

,6,  but  there  are  eight  specimens  in  the  Berkeley  Her- 

m  at  i^ew,  collected  by  Greene,  and  the  same  form  was  seen  by 

must  be  assumed  to  be  normal.     The  stem  is  some- 

'he  colour  of  the  living  funjjiis  is  not  known ;  it  was 

y  paie  yellow.     Type  examined. 

Kitmla  luteola,  £iiis,  Amer.  Nat.  xvii,  pt.  I,  192,  1883 ;  Sacc, 
Syll.  Suppl.  X,  n.  4466,  189a.    (PI.  XII,  Figs.  23,  14  a.) 

Entire  fungus  i  -5-3  cm.  high ;  asclgerous  portion  ovate  or  obovate, 
subplicate,  usually  laterally  compressed,  slightly  decurrent  down 
opposite  sides  of  the  stem,  light  yellow,  J-}  cm.  wide  ;  stem  shorter 
than  the  fertile  portion  and  paler  in  colour,  distinctly  tomeniose 
throughout  its  length,  oflen  slightly  hollow.  Asci  narrowly  cylindric- 
clavate,  apex  rounded  or  slightly  truncate,  not  blue  with  iodine,  about 
ioox6f>;  spores  8,  obliquely  i-seriate,  continuous,  smooth,  elliptical, 
often  very  sitghdy  inaequilateral,  with  a  very  faint  tinge  of  yellow  in 
the  mass,  6-7  X  3  *• ;  paraphyses  rare,  stout,  septate. 

Ext.— Ellis,  N.  Amer.  Fung.  n.  978. 

Hab. — On  the  ground  among  fallen  pine  leaves  in  sandy  pine 
woods.    Solitary  or  subcaespitose. 

7J.VA-.— United  States  (Newfield,  N.Y.,  Ellis). 

A  very  fine  and  distinct  species,  known  by  the  lomentose  stem. 
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the  narrow  asci,  and  the  small  spores.    The  fungus  becomes  darker 
when  dry,  more  espcdallj  the  stem.    Specimen  Trom  Ellis  eiamined. 

MItnila  nift^  Saic,  Syll.  viii,  n.  1 13. 1 889.    (PL  XII,  Figa.  aa-ja) 

Gregarious  or  scattered,  entire  fungus  3-6  cm.  high,  dry,  varying 
in  colour  from  rufous  or  dusky  biownisfa  oHve  to  dingy  yellowi  stem 
usually  paler  than  the  remainder ;  ascigeroos  portion  narrowly  elliptical 
or  clavate,  often  more  or  less  laterally  compressed  and  kingitudhially 
ruguloae,  ghfarous,  i-s  cm.  long,  4-7  mm.  broad,  not  sharply  differ* 
entiated  from  the  thinner,  minutely  sqnamnloae  stem.  Asd  clairaie, 
apex  narrowed,  pore  bhie  with  iodine,  iifi-i40Xi»*iS|i;  spores  8. 
irregubrly  s-seriate  near  the  apex  of  the  ascus,  i-seriate  below, 
hyaline,  smooth,  cylindric-fusoid,  ends  rather  acute,  usually  sUghdy 
curved,  s5-35X5-6m  at  first  multiguttukte,  finally  5-sepcate;  para* 
physes  slender,  septate,  tip  slightly  thickened  and  more  or  leaa 
curved. 

Sjtn. — Gf^iastum  njfim,  Schweinitx,  Syn.  Fung.  AoMr.  Bor.  n.  101 1, 
in  Trans.  Amer.  PhiL  Soc.  iv.  181,  1834;  Cooke,  Myoogr.  so5, 

Miimim  imiea,  Mont,  Ann.  Sci  Nat.  ser.  4,  iii,  91,  1855;  Gie., 
Myoogr.  103,  fig.  179.  1875 ;  Sacc.,  Syll.  viii,  n.  iso,  1889. 

Gipihsntm  Imitum,  Peck,  S4th  Rep.  R  Y.  State  Mua.  94,  pL  3, 
f.  S0-S4,  1871  ;  Cke.,  Mycogr.  8,  fig.  is,  1875. 

Gff^hsmm/itntm,  Cke.,  Bull.  Buff'.  Soc.  Nat.  Sci  March,  1875. 

tjepiof^lossum  imintm,  Sacc.,  Syll.  viii,  n.  158,  1889. 

Miiruia  Af/riirfii.  Brrk.  and  Curt..  Grrv.  iii,  149,  1875;  Cke., 
Mycof^r.  lof,  f.  178.  1H75;  Sacc,  Syll.  viii,  n.  iii,  1889. 

Utty^imtum  f^ts  hilar  it.  Berk.  And  Cookr,  M)xogr.  ao6,  fig.  348, 
1K76. 

MttfuU  ftstiiUrit,  Sacc,  .^)ll.  viii.  n.  tsa.  1889. 

Kxt  -  KUn.  N.  Atncr.  Fung.  n.  58. 

Hah  i  h)  ihr  );rt>un(l  among  damp  mou  and  graa<«,  alM>  in  iwampt 
ainonf(  Sf^ha^num. 

Ihiif,  rniuil  Stales  (Ijuuiktaru.  Dr,  Hah.  n.  4815;  I^ower 
Carolina.  Haitmi,  n.  iHrio;  Ncwt'irM,  N.Y.,  JT/Zri ;  Sandlakc,  N.Y., 
Puk\  N.  jrr«ry,  ft|iccimrn  from  ilcrb.  Sihwciniu),  (»uiaru  (t^frnmr^ 
n.  107;,^ 

A  «rll-niarkcd  funKUt,  slightly  variable  in  colour,  but  %ery  consiant 
in  all  r»«rnital  fcaturrs.    Tlie  amount  of  icaliness  of  the  ilcm  varies 
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lo  some  extent,  being  in  some  specimens  very  evident,  in  others 
nidimenlary,  but  always  very  slight.  The  fungus  is  normally  diy, 
but,  as  in  other  species,  may  become  slightly  viscid  in  rainy  weather. 
All  Berkeley's  types  have  been  examined  ;  a  specimen  of  Gfghstum 
rufvm,  from  Herb.  Schweinitz ;  also  specimens  of  the  type  of  Mitrula 
lutfo,  collected  by  Leprieur  in  Guiana,  and  sent  by  Moniagne  to 
Berkeley. 

JCtrnla  ouonllata,  Frits,  Epicr.  584.  1836-3B;  PM.,  Brit.  Disc. 
37,  i88j;  Sacc,  Syll.  viii,  n.  100,  1889;  Massti,  Brit.  Fung.-Flora, 
iv,  48a,  1895;  Ch..  Mycogr,  loi,  f.  176,  1875;  R(hm,  Kr.-FL 
n.  5861,  1896.    (PI.  XII,  Figs.  39-41.) 

Gregarious;  entire  fungus  i-a-5  cm.  high,  dry;  ascigerous  portioit 
variable  in  shape,  ovale,  obovate,  or  subglobose,  usually  somewhat 
laterally  compressed,  lower  margin  often  free  from  the  stem  for  a  very 
short  distance,  hollow,  glabrous,  even,  orange-yellow  or  orange-brown, 
a-4  X  a  mm. ;  stem  very  slender,  usually  crooked,  glabrous,  brown, 
base  downy  and  darker  in  colour,  Asci  narrowly  cla\-ate,  apes 
narrowed,  pore  blue  with  iodine,  60-70  x  6  fi ;  spores  8,  irregularly 
a-seriaie,  hyaline,  smooth,  continuous,  narrowly  fusiform,  straight  or 
slightly  curved,  i  2- 1 8  x  3  ji ;  paraphyses  slender,  tips  thickened. 

Syn- — Elfelia  cufidtata,  Batsch,  Elench.  Fung.  189,  fig.  132, 
1786. 

Mifmla  Jityderi,  Pers.,  Tent.  Diap.  meth.  Fang.  56,  pi.  3,  f,  i  a,  1 797. 

Leofia  milrula,  Pers.,  Syn.  Fung.  611,  1801 ;  Grev.,  Scot.  CiTpt. 
Fl.  Ub.  81,  1823. 

Clavaria  ferrugmea,  Sow.,  Eng.  Fung,  pi,  84,  1797- 

Mitruia  {Heyderia)  Abiefis,  Fries,  Syst.  Myc.  i,  49a,  i8ai. 

Geoglossum  cucuUalum,  Fries,  Elench.  Fung,  i,  333,  1838. 

Verpa/erruginea,  Wallr.,  Flor.  Genn.  Crypt  li,  549,  1833. 

Exs.—Rab.,  Fung.  Eur.  n.  37,  669,  1333,  1315,  1345;  Roum., 
Fung.  Gall.  Ejts.  n.  7 1 3,  3377 ;  Phil.,  EIv.  Brit.  n.  53 ;  Kritger,  Fung. 
Sax.  913  ;  Sydom,  Myc.  March,  n.  1261 ;  Ckt.,  Fung.  Brit  n.  333  ; 
Fuckel,  Fung.  Rhen.  n.  1237;  Schweir.  Krypt.  n.  431  ;  Dtsm.,  Cr. 
France,  s^r,  i,  n.  1155 ;  Karsteu,  Fung.  Fenn.  n.  447 ;  Berk.,  Brit 
Fung.  n.  354;  ThUm.,  Fung.  Austr.  n.  1014;  Holl,  Schmidt,  and 
Kunu,  Deutschl.  Schwimme,  n.  xcviii. 

Hah. — On  fallen  leaves  of  vadoue  conifers,  Ac. 

Dittr. — Britain,  Portugal,  Sweden,  France,   Germany,   Denmark, 
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lulj.  Russia.  United  States  (Forcstlmrgh,  N.Y.,  Ptik,  n.  320), 
Tasmania  (Rodway ;  on  small  twigs  of  Emalypius), 

The  spores  arc  distinctly  1  -septate  in  a  s|)ecimcn  named  by  Persoon, 
and  also  in  British  specimens  collected  at  Carlisle  by  Dr.  Carlyle. 

Phil.,  Klv.  Hrit.  n.  a,  and  Hlhs,  N.  Amer.  Fung.  n.  433,  quoted  by 
Rtkm  (Kr.-FI.  n.  5861)  under  the  present  spedet»  belong,  in  both 
instances,  to  Mitrula  larinna,  Mitrula  pusilla^  Fr^  growing  on  fallen 
leaves  of  Pinus  sihairis,  diflfers  from  the  present  in  its  slightly  smaller 
asci  and  spores,  and  is  perhaps  only  a  small  form  of  M,  ntcmi/aia. 
Miirula  sphaenxtphala,  Urcs.,  also  occurring  on  larch  leaves,  differs 
from  M,  €ucuUaia  in  its  much  thicker  spores. 

Mitrulm  pusiUa,  Fries,  Syst.  Myc.  i,  493,  i8ji ;  Sacc,^  Syll  viii, 
n.  101,  1889;  Rthm,  Kr.-FI.  n.  5862,  1896;  Bomdur^  Bull  Soc. 
Myc.  Frame,  ix,  10,  pi.  a,  f.  4,  1893.    (PI.  XII,  Figs.  47-49.) 

Gregarious ;  entire  fungus  4-7  mm.  high ;  ascigcrotu  poitioQ 
clavate  or  hul)gloljose,  glabrous  rusty  yellow,  ^s-i'S  mm.  high, 
with  a  slight  indicition  of  a  lower  free  margin  encircling  the  stem, 
which  ii  filiform,  Ubually  crooked,  yellow,  brownish  and  downy  at 
the  base.  Asci  narrowly  clavate,  port-  blue  with  iodine,  45-56  x6  ^; 
%\nxv%  8,  i-Mrriate,  or  inchncd  to  be  a-scriate  above,  hyaline, 
smooth,  (ontmuous,  fuMform,ends  acute,  often  slightly  beot,  ia-i5x 
a*5  ^  ;  |arapli>»ch  filiform,  ti|»!»  slightly  thickened. 

Syn. — Ltvtia  mtttula,  y  pusilla.  Alb.  and  Schwa..  Coosp.  Fimg. 
N»*k,  791.  «^or» 

l.t.tid  fu'i'iii,  NtT'..  S\M.  Mu.  1 7 J,  \\.  17.  f.  160,  1K17. 

MitfuLi  fuiiif  fxi,  l*fru>s  PLiiit.  lloyer&w.  n.  \'^1\  Sacc,  Syll. 
\iii.  n    loj,  !>**<«). 

h..\t      Kfttf^rf,  Fun^.  S.IX   n  gi^ 

Ha! .-    <  >n  lalU-ii  N  a\i''  ot  /^tnm  stilt  itni. 

Ihitr     >(»f  rtiuiiv  FraiKr. 

.\  iii:tiii:r  >|»riic*i.  suiN'rl'icullv  resembling  Mitfula  %u*uUata\  fiu 
dift:miiitii)  k^e  uotr  under  the  Ustiume^l  oiviie^. 

MitruU  sphaorocophala.  /<>/' ,  Fung  Trid  6(t.  tjl>  Ixsxi,  (  1, 
i^Hi  .  .V;.      >\ll  \.ii.  n    ic;,  if>*9 

Av  ^-truuH  |ii>ni<  ti  waxy  fleshy ,  i  mm.  du met rr.  lurid  tic hrac emu, 
^*at>rou».  at  leDf^ih  pole  pnmruie  with  tlie  s|<ofri ,  stem  stuffed. 
( tiaiidiii^  into  thr  lupiiuluni,  to  wluch  it  is  Bimilai  in  colour,  as  u 
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also  the  flesh,  base  brown,  4-5  mm.  long  by  J  mm.  thick, 
cylindric-clavate,  the  minute  pore  blue  with  iodine,  130-150X  8-iS|i; 
spores  subcylindrical,  ends  rounded,  tinged  yellow,  minutely  granular, 
2-8eriate,  15-18x6-7  f*;  paraphyses  clavate  at  the  tips,  septate, 
3-4  It,  thick,  containing  ochraceous  granules. 

Hab. — On  fallen  larch  leaves. 

Disfr.—K.  Italy. 

A  near  ally  of  Mitrula  cuculiafa,  Fr.,  the  spherical  headed  form 
of  which  it  closely  resembles  superficially,  but  is  clearly  distinct  in 
the  very  different  form  and  size  of  the  spores.  Bresadola  states  that 
as  far  as  he  has  seen,  the  asdgerous  portion  is  constandy  globose. 
Not  examined 

mtrala  graoilifl,  Karsien,  Revis.  Mon.  no,  1885;  Sacc.^  Syll. 
viii,  n.  105,  1889. 

Entire  fungus  s-a*5  cm.  high ;  asdgerous  portion  variable  in  shape, 
generally  oblong  or  ovoid,  obtuse^  fragile,  glabrous,  orange-brown 
when  dry,  i-a  mm.  long;  stem  filiform,  equa^  flexuous,  deep  flesh- 
colour,  2  cm.  high.  Asd  sublanceolate,  60-85x5-6  f*;  q>ore8 
somewhat  a-seriate,  fusoid,  straight,  8-ia  x  2  /« ;  paraphyses  filiform. 

Hob. — ^Among  dead  Hypnmm. 

JOnr/r.— Finland  (Knjftscha,  on  the  White  Sea,  Karsien). 

Karsten  considers  the  present  species  as  occupying  a  position 
intermediate  between  Mitrula  elegans^  Berk.,  and  Af,  phalloideSy  Chev. 
i^-^Miirula  laricina^  Mass.,  of  this  work). 

Mitrula  solerotipes,  Bond.,  Bull.  Soc.  Bot.  France,  xxiv,  309, 
pi.  iv,  f.  5,  1877  (the  specific  name  was  written  ^  scleroiipus*  by  the 
author);  Cke.,  Mycogr.  220,  f.  370,  1879;  Sacc,  Syll.  viii,  n.  108, 
1889. 

Entire  fungus  rusty  yellow,  i«5-2  cm.  high,  springing  from  an 
irregularly  elliptical,  yellowish  sclerotium  8-10  mm.  long  ;  ascigerous 
portion  clavate,  more  or  less  wrinkled,  sharply  differentiated  from  the 
stem,  solid,  glabrous,  4-7  mm.  high,  about  3  mm.  thick ;  stem  solid, 
even,  glabrous,  slender,  sometimes  dividing  into  2-3  branches,  each 
bearing  an  ascigerous  portion  at  its  apex,  whitish  and  slightly 
thickened  at  the  point  where  it  springs  from  the  sclerotium.  Asci 
narrowly  clavate,  apex  narrowed,  pore  blue  with  iodine,  50  x  4-5  m  ; 
spores  8,  irregularly  2-seriate  above,  i -seriate  below,  hyaline,  con- 
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tinuout,  smooth,  narrowlj  elltpCic-fiisifonn,  straight  or  slightly  curved, 
7-10  X  a  |i ;  pantpbjrscs  slender,  very  sKghtlj  thickened  upwards. 

Hah. — On  the  ground  in  damp  places  among  moss  and  dead 
leaves. 

Distr. — France  (Montmorency,  Bomditry 

A  very  distinct  specie%  remarkable  tar  springing  Trom  a  sderotittm, 
and  also  for  having  the  base  of  the  ascigerous  portion  distinct  (rom 
the  stem  for  a  very  short  distance,  and  thus  forming  a  very  slight 
free  margin.    Specimen  from  Boodier  eiamined 

mtralft  muoiooU,  Hmming,  fX\tx%.  af  K.  Vet-Akad.  Fflrh., 
1885,  71,  tab.  viii,  f.  6-8 ;    Sa€c^  Syll.  vui,  n.  104,  1889.    (PL  XIII, 

Fig.  73.) 

Gregarioas ;  ascigerous  portion  subgloboaenivoid,  raguloae  towards 
the  base,  ferruginous,  stuffed,  8-15  mm.  high  ;  stem  yellow,  fleinoas^ 
obaoletely  6stulose,  5-1  a  mm.  high,  o-s  mm-  thick.  Asd  cyKndikal 
or  clavate,  5  ^  thick  near  the  apex ;  spores  4-6  in  an  aacus,  hyaline, 
continuous,  lanceolate,  9-10  x  s-3  ^ ;  paraphyscs  fililbrm,  1*3  |i  thick. 

H^* — On  Paiudeila  sqmarrata^  Ehrh.,  and  Rac^mUrmm /(Uekwhrt^ 
Bfid. 

Dittr. — Norway  (lIummelQeM*  1170  metres  alt.,  Hmmmg\ 

Miirmia  Xehmii^  Bresad.,  resembles  the  present  species  in  many 
points,  but  is  somewhat  Urger. 

Mitmla  Rohmii.  BrrsaJ.,  Fung.  Trident  ii,  41,  ub.  cslvii,  f.  s, 
189J;  Rthm,  Kr.-Fl.  11.  5**^4t  Ag^  a-3*  p-  1143  (s^cr  Brc»adola); 
.Wcr,  Syil.  xi.  n.  2401;,  1H95. 

Grcf^ariouK.  entire  fungufi  3-3-5  cm.  high;  aMigerous  portion 
oliovate.  rarrly  suligloboftr.  Muffeil,  surface  rugote,  with  thick  longi- 
tudinal ntw.  uwny  flrftli-colciur,  3«5*4-5  mm.  high,  by  aUiut  3  mm. 
broatl ;  itrni  fttuffrd,  rt|ual,  pruinusc  then  glabrous,  white  then 
yellow,  j-3  cm.  lonp,  1  mm.  thick ;  flei4i  yrlkiw,  inodorous.  Asci 
cla%atc-fuMii(l.  a|irx  narrowed,  the  minute  pore  blue  with  iodine, 
70-Mox6-H^;  ik|iore^  narrowly  elli|>iical.  hyaline.  uncMiih,  u»ually 
•lightly  curvnl.  at  len^^h  i-iir|iiale  ;  p4ra|iliy«rt  filiform,  branchetl, 
containing  ochraceous  fr'Ai^uleii.  tips  slightly  thickened,  about  J  |k 
Umk 

//•I A.  -  On  moM.  Hsfmum  S*kn^n\  in  |iinc  woods. 

fhi/f.     South  Tvrol  (Valk  di  Sole.  BraaMa). 
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Bresadola  sajrs  that  this  species  is  parasitic  on  the  moss.  Allied  to 
MUrula  musctcola^  Henning,  differing  mainly  in  the  somewhat  longer 
stem  and  more  mieven  hjmeniam. 

Ifitnila  bioolor,  Pat.,  Joum.  de  Bot.  vii,  344,  1893 ;  Sacc.^  Syll. 
SuppL  zi,  n.  2404,  1895. 

Solitary,  erect,  6  cm.  high,  quite  glabrous;  ascigerous  portion 
elongate-lanceolate^  2  cm.  long,  4  mm.  broad,  compressed,  here  and 
there  plicate,  the  attenuated  apex  obtuse,  lower  part  narrowed  into 
the  stem,  brown;  stem  subterate,  channelled,  2  mm.  thick,  flezuoos, 
rigid,  peUucid,  fuscous.  Asci  subclavate,  apex  harrowed,  iio-isox 
i2*-i5  m;  spores  8,  oblong,  ends  obtuse,  straight  or  slightly  curved, 
hyaline,  continuous,  with  1-2  large  oil-globules,  10-12x6  f*;  para- 
physes  filiform,  tips  slightly  thickened. 

Hab.—  (?) 

Disir. — Thibet  (province  of  ?u-tchuen,  Farges). 

This  species  is  the  size  oi  MUrula  ru/a\  the  ascigerous  portion 
and  summit  <A  the  stem  are  reddish  brown  with  a  green  tinge 
(Patonillard). 

mtmla  mnltifbnnis,  Massee. 

Gregarious;  ascigerous  portion  fuscous-brown,  glabrous,  even  or 
rugulose,  distinct  from  the  stem,  usually  clavate,  compressed,  hollow ; 
rarely  capitate,  subrotund,  hollow;  or  pileate,  campanulate,  under- 
surface  sterile,  plane,  whitish,  stuffed ;  stem  whitish,  even,  equal  or 
slightly  thickened  downwards,  fistulose,  1*5  mm.  thick.  Asci  cylindric- 
clavate;  spores  8,  continuous,  hyaline,  fusoid,  rarely  subglobose; 
paraphyses  filiform,  septate  (?). 

Form  olavata.    (PI.  XIII,  Fig.  58.) 

Ascigerous  portion  5-18  mm.  high,  3-6  mm.  broad;  stem  1-2  cm. 
high.  Asci  6-8 ft  thick  near  the  apex,  3-4 /i  thick  at  the  base; 
spores  9-13  X  3-5-4  f*;  paraphyses  1-5  /i  thick. 

Form  capitata.    (PL  XIII,  Fig.  59.) 

About  I  cm.  high ;  asci  7  /i  thick  near  the  apex,  base  3  /a  thick, 
or  cylindrical  and  5/i  thick.  Spores  11-12x3-4^;  paraphyses 
1*5  fi  thick. 

Form  pileata.    (PI.  XIII,  Fig.  60.) 

About   I  cm.  high;    apex  of  ascus  6-7/1  broad,  base    2-5-4  m; 
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spores  7-9  and  2-5-3-5m,  or  subglobose  and  3-5 m  diameter; 
paraphyses  1*3  /i  thick. 

Syn, — Geoghssum  multiformey  Henn.,  Ofvers.  af  K.  Vet-Akad. 
F6rh.,  1885,  70,  tab.  viii,  f.  I-5. 

Microglossum  multiforme,  Sacc,  Syll.  viii,  n.  129,  1889. 

Hah. — In  swampy  places.  Forms  capiiaia  and  clavaia  on  Hypnum 
flutfansy  L.,  form  piUata  on  fallen  twigs  and  leaves  of  Beiuia. 

Disir. — Norway  (Hummelfjeld,  Hrnning), 

Mitrula  globosa,  Sommerf,^  Suppl.  Flor.  Lapp.  287,  pK  iii, 
1826;  Fries,  Elench.  i,  224,  1828;  Sacc,  Syll.  viii,  n.  109,  1889. 
(PI.  XIII,  Fig.  54.) 

Scattered ;  entire  fungus  3-5  cm.  high,  every  part  dark  bay ; 
ascigerous  portion  globose,  even,  solid,  about  5  nun.  diameter,  not 
decurrent  down  the  stem,  which  is  about  2  mm.  thick,  narrowed 
towards  the  base,  slightly  crooked,  solid,  glabrous. 

Hah, — Sandy  ground. 

Disir, — Lapland  (Saltdalen,  Nordland,  Sommer/elt), 

The  present  species,  although  imperfectly  described,  appears  to  be 
a  very  marked  fungus,  and  should  be  found  again.  Sommerfelt 
slates  that  he  observed  it  for  several  years  in  the  same  locality,  in 
October.     Sommerfelt's  figure  is  reproduced. 

Mitrula  solerotionim,  Rosir,,  Mykol.  Meddel.  1888,  p.  10; 
Sacc,  Syll.  viii,  n.  113,  1889. 

Ascigerous  portion  globose-ellipsoid,  pallid,  margin  adnate  to  the 
stem,  which  is  5-8  mm.  long,  \-i  mm.  thick.  Asci  cylindrical, 
pedicel  elongated,  35-60  x  4-5  m  ;  spores  fusoid,  7-8  x  1-2  /i. 

Hah. — Springing  from  a  sclerotium  on  the  fallen  stems  of  Loius 
and  Medicago. 

Disir. — Germany  (Constanz,  Rosirup), 

May  possibly  prove  to  belong  to  some  genus  belonging  to  the 
Pezizeae. 

KLitrula  miorospora,  Massee,  Brit.  Fung.-Fl.  iv,  483,  1895. 
(PI.  XIII,  Figs.  55-57.) 

Entire  fungus  3-6  cm.  high,  black;  ascigerous  portion  narrowly 
clavate,  obtuse,  sometimes  irregular  in  form  and  more  or  less  laterally 
compressed,  glabrous,  differentiated  from  the  stem  and  a  little  shorter, 
I '5-2  cm.  long,  4-7  mm.  broad,  more  or  less  viscid  when  moist; 
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stem  C3dindrical,  mostly  equal  throughout,  mmutely  squamulose  under 
a  kns,  or  in  some  instances  almost  glabrous.  Asci  narrowly  clavate, 
apex  narrowed,  pore  bhie  with  iodine,  115-130x12/1;  spores 
irregularly  a-seriate  above,  i-seriate  below,  hyaline,  smooth,  narrowly 
cylindrical,  ends  slightly  narrowed,  multiguttulate,  then  becoming 
3-5-7-septate,  usually  slightly  curved,  28-40  x  6  f*;  paraphyses 
numerous,  cylindrical,  septate,  not  at  all  or  very  slightly  thickened  at 
the  tips,  which  are  agglutinated  together. 

>S^. — Gecgiassum  murasforum^  Cke.  and  Peck,  asth  Rep.  N.Y. 
State  Mus.  97,  1872;  Cke.,  Mycogr.  i,  f.  11,  1875  (spore-measure* 
ment  wrong);  Phil.,  Brit.  Disc.  39,  1887  (spore-measurement  wrong). 

L^Uqglassum  mcrosporum^  Sacc,  SylL  viii,  n.  157,  1889. 

Exs. — Desm.,  Crypt.  France,  s^r.  i,  n.  421  (called  Creoglostum 
glahrum^  Pers.). 

Hob. — On  the  ground,  under  ferns,  ftc. 

Disir. — ^Britain,  France  (Desm.^  Crypt.  France,  n.  421,  called 
Gecghssum  glabrum^  P.),  United  States  (Greig,  N.Y.,  Peck,  n.  115). 

The  above  diagnosis  is  drawn  up  firom  the  type  specimen  sent 
from  the  United  States  by  Peck,  and  on  which  the  species  is  founded. 
In  the  original  description  in  the  25th  Rep.  N.  Y.  State  Mus.  p.  97, 
the  spore  measurements  are  •000/-0013'  long. 

Some  time  afterwards  Cooke  again  published  the  same  species  in 
Mycographia  8,  f.  ii,  as  Geoghssum  microsporuniy  C.  and  P., 
adding,  'Figured  from  specimens  communicated  by  C.  H.  Peck.' 
I  have  examined  every  specimen  sent  to  Cooke  by  Peck  from 
America,  but  find  nothing  agreeing  with  Cooke's  measurements, 
which  I  imagine  to  represent  an  uncorrected  mistake,  as  the  figures 
of  the  spores  given  by  Cooke  do  not  justify  the  statement.  Phillips, 
in  Brit.  Disc.,  p.  39,  has  unfortunately  given  Cooke's  incorrect 
diagnosis  from  Mycographia  instead  of  the  approximately  correct 
one  from  the  25th  Report.  It  is  evident  that  Phillips  had  not 
examined  the  specimens;  finally,  if  Mr.  C.  Bucknall's  specimen 
found  at  Hanham,  Clifton,  has  spores  lOfi  thick,  it  is  not  G,  micros 
sporuM,  but  a  new  species  which  would  naturally  be  called  Miirula 
microsporay  Massee. 

Var.  tremellosa,  Mass,^  Brit.  Fung.-Fl.  iv,  484,  1895. 

Somewhat  tremelloid  when  living;  ascigerous  portion  subcom- 
pressed,  hollow,  stem  smooth,  in  other  respects  conforming  with  the 
typical  form. 
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Syn. — Gecgi^sum  murasfonm^  C.  and  P.»  w.  irtmilktmm^  Ckt^ 
Grev.  tv,  109,  1876. 

Gttgbssum  irtmittosum^  Cke^  Mjcogr.  ao6,  f.  347,  1879;  Phil^ 
BriL  DiK.  39,  1887. 

Lipiogicssum  iremtliotum^  Cke.,  Syll.  viti,  n.  156,  1889. 

Hat. — On  the  ground. 

ZKr/r.-*ScoUand  (Rannoch,  Dr.  Bmkamam  Wkik). 

Ai  tbown  bf  the  qmonymy*  this  was  fint  conadered  u  a  varieqr 
of  M.  m€rotpora,  and  afterwards  raised  to  specific  rank.  I  pider 
the  varietal  position,  and  indeed  have  doobu  u  to  whether  il  is  more 
than  a  mere  form. 

Var.  miorato. 

Scattered  or  caespiiose.  o^s-i-s  cm.  broad,  black;  aadgeroos 
IKirtion  clavatc,  onequal,  compressed  and  wrinkfed,  brittle,  viscid 
Asci  fusiform,  loo-iaox  i6-i8|i;  spores  cylindrical,  hyaBne,  1-5, 
osuallj  s-septatc,  50-60  x  5  |i ;  paraphjses  septate,  brown,  constricted. 

Sym, — Ijtphglosium  liihrak^  Rostrup,  Bot.  Tidssk.  xviii,  76,  1898 ; 
Sacc^  SjU.  Suppl.  li.  J408,  1895. 

Hmk, — Sandjr  ground. 

Ai/r.^Dennurk  (Roitrup\ 

Unknown  to  me.  Judging  from  ihc  diagnoris,  this  species  will 
prove  to  be  only  a  form  of  M.  mitr^ipara. 


Mitmln  areoArin,  Maiste. 

Scattered  or  cac^|>iu>!le.  j-4  cm.  high,  0*5- J  cm.  thick,  l»Uck; 
ascigcrous  |ioiuun  irrrKuLul)  cUviiic.  comiircsMni,  e\-cn ;  Mem  squamu- 
lose,  tingcil  I'hvc.  A^i  fuuform,  torrowcd  below  into  a  long  prdicel, 
100 X  iJ-ijii;  h\totc%  rlongiiio-cyhniihcal,  hjalinc.  continuous,  often 
with  ie%'eral  oil-gloliulcft,  i5-30X4-6^;  loraphyses  brown,  tc|>Ute, 
li|is  slightly  ibv4tc,  cruokcd. 

S}m.-  Miift^httum  uffmantim,  Rotlrup,  llot.  Tidssk.  xviii,  76^ 
1M9J;  S4CC..  S)ll.  Suppl.  XI.  n.  J406,  1H95. 

i/ii6.     Sandy  ^nmiMl. 

fhi/r.     llriinurk  (A'>*i//ai/) 

UiiktM>wn  lo  tnr.  A|>|N-4rii  tu  clilTrr  from  .1/.  muriifcra  m  ihe 
luniumuui  »|orr^  atul  the  uiuc  ^trm. 

Mitmln  partita.  ALuut. 

(jUbiuuo,  I'Uck.  turuccuu»,  gcLauiuu*;  aacigaoiu  portion  tongue- 
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shaped,  usually  q)]it  down  its  entire  length,  and  sometimes  each 
portion  is  again  incised  to  a  greater  or  less  depth,  hjmenhmi  covering 
every  part,  15  mm.  long  by  6-8  mm.  broad;  stem  glabroos,  slender, 
a-5  cm.  long,  3  mm.  broad.  Asci  elongated,  obtuse,  becoming 
blue  with  iodine  round  the  pore,  130x10/1)*  spores  8,  somewhat 
s-seriate,  hjraline,  continuous,  straight,  curved,  or  undulate,  elongate- 
fusoid,  20-30x3-6/1;  paraphyses  linear,  hyaline;  the  tips  of  the 
paraphyses  and  asci  encrusted  with  a  brown  substance. 

1.^. — Microglossum  partitum^  Cat,  Rev.  Mycol.,  1890,  135,  pL 
evil  bis,  fig.  a ;  Sacc.,  Sy(1.  Suppl.  x>  n.  4467,  189a. 

Hab. — On  the  ground. 

Z>ftr/r.--China  (Tsang^an,  above  Ta^li;  M.  taU/Dekawy). 

Patouillard  considers  the  present  species  as  allied  to  Mtcrt^hssmm 
Hookeri  {=MiiruIa  purpurascens  of  this  work);  but  quite  distinct 
in  the  divided  fertile  portion,  and  the  shape  of  the  paraphyses. 

Doubtful  species, 

Mitnila(P)  antarotioa)  Speg^  Fung.  Patag.  n.  58,  in  Bol.  Acad. 
Nacional  de  Cien.  de  C6rdoba,  xi,  54,  1887 ;  Siuc^  SylL  viii,  n.  ia6y 
1889. 

Solitary  or  in  groups  of  a-3  individuals,  entire  fungus  4-7  cm. 
high,  quite  even  and  glabrous ;  ascigerous  portion  round  when 
young,  then  laterally  compressed,  spathulate-clavate,  2-3  cm.  long  by 
6  mm.  broad,  fistulose,  rugulose  and  plicate  in  places,  white  then 
honey-colour,  o(\en  waxy  looking  and  pellucid,  apex  obtuse,  rounded, 
base  attenuated  and  abruptly  and  irregularly  constricted  where  it  joins 
the  stem,  which  is  round,  elongated,  gradually  and  slightly  thickened 
upwards,  base  elongated,  attenuated,  often  contorted,  brownish-rufous 
or  brownish  flesh-colour. 

Hab, — Among  rotten  fallen  leaves  in  woods. 

Disir, — Patagonia  (Voces  Bay,  Spegazzini),  Fuegia  (Ushuvaia, 
Spegazzint), 

The  above  is  Spegazzini's  description,  who  states  that  it  was 
drawn  up  from  living  specimens,  which  were  afterwards  lost ;  hence 
the  fructification  is  unknown. 

Mitrula  alba,  Massee. 

Entire  fungus  about  2-5  cm.  high,  fasciculate  or  solitary;  ascigerous 
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portion  cylindrical,  even,  white,  confluent  with  the  stem,  which  is 
abruptly  black,  passing  into  greenish  white ;  spores  ^  of  an  inch. 

Syn, — Geoglossum  alburn^  Johnson,  Minnes.  Myc  n.  630,  1878. 
Miirula  Johnsoniy  S2iCC.^  Syll.  viii,  n.  116,  1889. 

Hab, — On  the  ground  and  on  fallen  wood  in  woods, 

Dis/r, — United  States  (Minnesota,  y<?^/w<?«). 

Apparently  a  distinct  species,  but  imperfectly  described.  Spores 
measuring  ^^  of  an  inch  is  evidently  a  slip ;  but  what  was  intended  ? 
Saccardo  suggests  ^77  (=9-10^1),  but  this  is  not  certain. 
Saccardo's  name  was  created  on  account  of  a  previous  Mitrula  alba^ 
W.  G.  Smith ;  the  latter,  however,  being  simply  a  white  form  of 
Mitrula  phallaides,  Chev.,  Johnson's  original  specific  name  has  been 
restored. 

Mitrula  ezigua,  Fries ,  Elench.  i,  235,  1822;  Sacc,  Syll.  viii, 
n.  no,  1889. 

Minute,  simple,  scattered;  pileus  mitriform,  shining  white;  stem 
semipellucid,  base  black. 

Syn, — Leoiia  exigua,  Schwz.,  Syn.  Fung.  Car.  Sup.  n.  11 19,  in 
Soc.  Nat.  Cur.  Lips.  1822,  p.  87. 

Hab, — Not  uncommon  on  fallen  stems.  Pileus  4-5  mm.  high, 
inflated,  white ;  stem  2  mm.  high  (Schwz.). 

Disir, — United  States  (N.  Carolina,  Sckweiniiz), 


Leotia,  Hill,   , 

More  or  less  gelatinous;  ascigerous  portion  pileate,  rather  fleshy, 
imperfectly  hollow,  margin  thick  and  incurved  towards  the  stem, 
upper  surface  fertile,  under  surface  sterile ;  stem  erect,  central.  Asci 
narrowly  clavate,  apex  more  or  less  narrowed,  pore  not  blue  with 
iodine;  spores  hyaline,  narrowly  elliptical,  becoming  transversely 
septate,  2 -seriate  in  the  ascus ;  paraphyses  present. 

Leotia,  Hill,  Hist.  PI.  43,  1751. 

HelveliUy  Linn.,  Sp.  Plant,  ed.  iii,  1649,  1764,  in  part. 

Heloiium^  Fries,  Summa  Veg.  Scand.  354,  1846,  in  part. 

Cudonia,  Fries,  Summa  Veg.  Scand.  348,  1846,  in  part. 

Cudoniella^  Sacc,  Consp.  Gen.  Disc,  in  Bot.  Central,  xxxviii,  1884, 
in  part. 
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Eh>dla^  Claoariay  TrenuUa,  Pezisa,  Pkailus,  in  part,  of  old  authors. 

The  present  genus  resembles  Vibrissea  in  the  somewhat  fleshy 
pileus  having  the  free,  thick  margin  incurved  towards  the  stem,  but 
differs  materially  in  the  much  shorter,  narrowly  elliptical  spores  which 
are  arranged  in  a  a-seriate  manner  in  the  ascus.  Saccardo  has 
placed  the  present  genus  in  the  Bulgarieae  on  account  of  its  sub- 
gelatinous  consistency,  but  I  consider  its  true  aflBnity  is  with  the 
present  group.  Leotia  approaches  very  closely  to  Helolmmi  the 
latter  differs  in  the  firmer  texture,  and  in  the  more  or  less  distinctly 
parenchymatous  cortex  and  ezcipulum.  This  line  of  demarcation 
places  Leotia  aciadaris^  Pers.,  in  Helotium, 

Distr. — Of  the  five  well-defined  species^  four  are  confined  to  Eurc^, 
and  all  are  rare.  The  fifth,  Z.  btbrica^  has  a  wide  range — ^Eurc^, 
Sikkim  (8-^^000  ft.),  Tasmania,  New  Zealand,  Victoria,  and  United 
States.  The  doubtful  species,  if  verified,  extend  the  range  of  the 
genus  to  Greenland  on  the  one  hand,  and  South  Africa  on  the  other. 


Key  to  the  Species. 

I.  Pileus  ffwre  or  less  tinged  green, 

atrovirens.  Plant  i-2  cm.  high,  entirely  dark  green; 
stem  minutely  squamulose. 

lubrioa.  Plant  4-8  cm.  high ;  pileus  yellowish-green  to 
dark  green;  stem  not  squamulose. 

II.  Pileus  not  green. 

maroida.  Plant  4-10  cm.  high,  every  part  dingy  yellow ; 
stem  long,  slender,  wavy. 

aquatioa.  Plant  1-2  cm.  high,  entirely  whitish ;  pileus 
becoming  brownish. 

stagnalis.   Plant  1-2  cm.  high;  pileus  yellowish  flesh-colour. 

Iiootia  atrovirens,  P^r^.,  Myc.  £ur.  202,  tab.  ix,  f.  1-3,  1823; 
/>/*«,  Syst.  Myc.  ii,  30,  1823  J  Sacc,  Syll.  viii,  n.  2512, 1889  ;  QuiUt^ 
Enchirid.  267,  1886;  Rehm,  Kr.-Fl.  n.  5881,  1896;  Cke,^  Mycogr. 
219,  f.  368,  1879  (scales  on  stem  too  large).    (PI.  XIII,  Figs.  81,  82.) 
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Gregmiions,  or  often  in  cluster!  of  s-4  planti,  entire  fangm  i-a  cm. 
Ugh;  ucigerout  portion  ileshjr,  undnlale  or  abnoil  plane^  margin 
thick*  incurved,  gUbrous,  blackiih*green,  4-8  mm«  brotd;  stem 
1-1*5  cm.  long,  aboat  3  mm.  thick,  more  or  lesa  distinctlj  tqiuumii- 
low,  equal  or  thickened  upwards,  coloured  like  the  fertile  portion,  or 
paler ;  flesh  pale  greeniih-jrelbw.  Asd  davate,  apex  narroiped,  pore 
not  Irioe  with  Iodine,  130-150  x  1  i*is ^;  spores  8,  irregufatflj  a-seriaie 
above,  i-seriate  bebw,  hjraUne,  snxMHh,  narrowljr  eUiptkal,  ends 
obtuse,  usually  straight,  i8-sax5-6m  3-5-giittuhte;  paraph jaes 
slender,  septate,  often  branched,  tips  scarcely  thickened,  greenish. 

Sym» — Hfiotiym  atrmrmij  Sprengel,  Sjrst  iv,  489,  iSay. 

Exs.^HaL,  Fung.  Eur.  n.  5ss  (poor  specimens). 

/Ai4.— On  the  ground  in  woods,  in  damp  places. 

Ax/r.— Germany,  France  (Montmorency,  Bcudirr), 

Requtm  to  be  carefully  distinguished  from  dwarf  forms  of  LtHtM 
httn'ra.  Pers.  The  chief  distinctions  are,  the  absence  of  the  pirilbnn 
tips  of  the  paraphyies,  so  characteristic  of  all  forms  of  Z.  ilslniM; 
the  somewhat  smaller  asci,  and  the  more  distinctly  squamuloae  stem. 

There  is  a  specimen  in  the  Kew  Herbariimi  labelled  'Leotia 
atrovirens.  \V.  (;.  Farlow,  Mass.,  U.S^..  n.  4.'  This  wpedmen  is  in 
reality  /.  imhrica^  f.  fkioroctpkaia^  u  defined  in  the  presem  work ; 
therefore  if  the  evidence  of  L.  airmrem  occurring  in  the  United  States 
happens  to  depend  on  this  specimen,  it  shodd  be  cancelled. 

Lootia  Inbrtoa,  /'m..  Comm.  Fung.  Clav.  31,  1797 ;  /Vrx.,  Syn. 
Fung.  613.  iKoi  :  /V/r/,  Syst.  Myc.  it.  29,  1^23 ;  H  j//r.,  Flor.  Crypi. 
Germ.  iv.  551.  n.  >7H8,  alio  van.  iatunata,  ttmhomaia^  Itt/rts,  rnWmiii, 
on  tame  |afCf*.  1K3);  /frrk.,  Outl.  pi.  jj.  f.  1.  i860;  Ckf,,  Mycogr. 
97*  fig*  >7i-  >^7ri>  /'^'/-^  lint.  IHsc.  >>.  18H7;  Aiaiut^  Rrit.  Fung.- 
Fl.  IV,  471.  iHg;, .  Smc,  Syll.  \-iii,  n.  ai;io.  iHHq.  (PI.  XIII,  Figs. 
6i-«4.) 

Grrf?4riou^.  «ir  in  ftmall  clusters.  Mimewhat  grUtinous,  entire  fungus 
3-9  cm.  Iting,  aHigrrtHit  {lartion  irregularly  hemisptirrkal,  inflateit, 
tomrtinir*  dr|irr««ri!  alKivc,  at  <ith«-rs  UMirr  or  leu  iunU>iute.  «avy, 
margin  oUuu-.  irtcuivrd.  ^'iutimMi^.  icUbroui,  varying  frtmi  dingy 
)rllu«  with  a  tirigr  <if  grrrn.  dingy  cxhraceous  green,  to  lurid 
vrrdigri»-grrrn.  i-i  im.  acruu;  stem  3-8  cm.  high,  4-8  |i  thick, 
near]  I  r«|UAl.  i^r  ninrr  nr  lr«s  inflatr«l  at  the  base,  pulpy  within  then 
hollffw.  cxicmalli  >clkmi»h.  or  tinged  green,  with  ^ry  minuie,  white 
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innate  granoks.  Asci  davate,  apex  slighdy  narrowed,  pore  not  blue 
with  iodine,  150-aoox  10-12  fi;  spores  8,  irregularly  a-seriate  above, 
i-seriate  near  the  base  of  the  ascus,  hyaline,  smooth,  narrowly 
elliptical,  ends  rather  pointed,  straight  or  slighdy  curved,  3-6-gnttnttfft, 
eventually  5-septate,  19-27  x  5-6  fi;  paraphyses  very  slender,  septate, 
firequendy  branched,  tips  piriform  and  greenish. 

Syn, — Futigut  giUUinatui  flavus,  Vaill.  Paris,  201,  tabb  ii,  f.  7-9, 
1727;  MtllL,  Flor.  Dan.  tab.  719,  1797. 

Ln^gtlaHnosa  tapiiub  suMwiii^  Hill,  Hist  PI.  43,  1751. 

Ehetta  luMca,  Scop.,  Phmt  Cam.  ii,  477,  1772. 

HeheUa  hUea^  Beig.,  Phyt  i,  tab.  151,  1783-84. 

PeMua  comucopioi,  Hoffm.,  Veg.  Crypt.  Germ,  ii,  26,  tab.  6,  £  i, 
1790. 

HeheUa  gekUinota^  Bull.,  Champ.  France,  296,  tab.  473,  f.  2,  1791 ; 
Rehm,  Kr.-Fl.  n.  5880,  f.  1-4,  p.  1161,  1896. 

Leotia  bibrica^  Pers.,  Comm.  Fung.  Ckv.  31,  1797;  Pers.,  Syn. 
Fung.  613,  1801. 

Clavaria  iretmda,  Holmsk.,  Fung.  Dan.,  27,  with  an  excellent  fig., 
1799. 

Merulms  btiricus^  Schum.,  PL  SaelL  ii,  368,  1803. 

Hygramtra  iremula^  Nees,  Syst  fig.  144,  1817. 

HeheUa pgwhvinns^  Nees,  Syst  fig.  162,  1817. 

Exs.'-Cookif  Fung.  Brit  n.  231;  Roum,^  Fung.  Gall.  n.  712; 
Rahenh,^  Fung.  Eur.  n.  714,  2405,  2509;  PhiL^  Elv.  Brit.  n.  136; 
Rehm,  Ascom.  n.  10 1 ;  Fuckely  Fung.  Rhen.  n.  1138;  Sydaw,  Myc. 
March,  nn.  278,  667 ;  Kloizsch-Rabenh,,  Herb.  Myc.  29 ;  Vize,  Brit 
Fung.  n.  480 ;  Oudemans,  Fung.  Neerl.  n.  286 ;  Karsien,  Fung.  Fenn. 
n.  461 ;  Thilmen,  Fung.  Austr.  n.  517 ;  EUts,  N.  Amer.  Fung.  n.  57  ; 
TkUmen,  Myc.  Univ.  n.  1 1 12 ;  Berk.y  Brit  Fung.  n.  255 ;  Desmazt^res, 
Crypt.  France,  s^r.  i,  n.  426;  Wes/endorp,  Crypt.  Belg.  n.  763; 
Moi^eol  and  Nesiler,  Stirp.  Crypt  n.  583 ;  HoUf  Schmidt ,  and  Kunze, 
DeutschL  Schw.  n.  ccxxiv. 

Hah, — On  damp  ground  in  woods  and  shady  places,  also  in 
swamps,  peat-bogs,  &c 

Distr, — Britain,  Ireland,  Spain,  Portugal,  France,  Switzerland, 
Belgium,  Germany,  Sweden,  Italy,  Finland,  Sikkim  (Sinchul, 
8,600  ft.,  Dr,  [now  Sir]  J.  D,  Hooker ^  n.  131),  Tasmania  {Archer\ 
New  Zealand  (Coiemo),  Victoria  (MiieUer),  United  States  (Salem, 
Schwdniiz ;  North  and  South  Carolina,  Curtis y  nn.  508,  2400). 
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A  very  variable  species,  both  in  form  and  colour,  depending  upon 
the  amount  of  moisture  and  shade  to  which  it  is  eiposed  during 
devck>pmcnt.  In  home  cases  a  dingy  ochraceous  yellow,  i»ith  only 
a  tinge  of  green,  is  the  predominating  colour,  in  other  examples  the 
lurid  green  colour  pretlominates  throughout  The  commoDett 
Euro))can  form  has  the  ascigerous  portion  dingy  olive-green,  and  the 
stem  yellow,  with  minute,  innate  bquamules  or  granules.  I'he  slimy 
cap  is  sometimes  almost  even,  at  others  much  waved,  especially  at  the 
nurgin,  imperfectly  hollow,  and  either  mflated  or  finally  collapsed, 
sometimes  brownish-red.  Stem  sometimes  short  and  narrowed 
to^-ards  the  Iom:,  at  others  elongated  and  tapering  upwards. 

It  must  t)e  clearly  understood  that  the  following  *  forms,'  although 
apparently  distinct  when  met  with  illustrating  the  extreme  departure 
from  the  tipical  t»tate,  are  in  reality  nothing  more  than  phases  of 
devclopmifit  of  the  present  h|»et:ics  in  passing  from  north  to  south. 
The  kmall,  clu^crcd  {oxva—Str^ensoni^  Ik*rk.— is  the  most  northern 
condiuoii,  of  \fthi(.h  tiicre  are  s|iecimens  in  the  Kew  Herbariimi  from 
Sweden  (/ViW),  Finland  {^KariUn\  Scotland  {Jsttcfnam)^  and  New 
llampiJiirc.  l*  S.  1'lM*n  follows  tlie  typical  form  ;  further  south  we 
get  €hlorchf/*haiii^  Sz.,  and  finally  ]a&sin^  into  the  warm  subtropical 
region,  we  lave  stipitaU  (I^)m.),  (=  viuosa,  Frie»),  the  largest  and 
darkest  coloured  condition  of  tlte  s|>ecies.  In  Kuro|)e  what  1  ha\*e 
considered  tlie  typical  lorm  is  most  alnrndant,  tlie  *  forms '  being  rarer, 
although  all  ari*  present;  ^i.ereos  in  tlie  I'nited  States  the  opposite 
condition*!  ho!>l  giH^l,  so  far  as  in  at  present  known,  the  three  (lark- 
^reen  fomiH  Uin^  not  umomnion.  >»hereaH  there  are  liut  few  record* 
of  tlie  trpual  ff>rn) 

Form  Stovcnaoni. 

rM:alli  iletisciv  tuftiil,  Mnall.  iiuirc  fundus  i-^)cm.  high  ;  ascigerous 
|M>rtion  (lifi^).  tlark  k'teen,  stem  piler  Asii.  s)«>re4.  and  |»araph)ftes 
a*  in  t\)  :i  .4I  ftiriii. 

.S»w  /,/iVij  A/rrrfj.w/,  licrk.  ami  liroomc,  Ann.  Nat.  Mist..  iH;*!, 
p.  J  I  J 

>att  .  S\  I     v....    li     ir,ii.    !<♦'<«/.    Mas»*ee,   lint.    Fung -M     i%,  471. 

//.i/.  On  1^1-  ^Tound  in  uoodt  and  slady  places,  mostl)  m 
n«»r*iliern  (4Min:f  *<  *• 
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Distr. — Scotland  (Glamis,  Siiveru<m\  Sweden  (Upsah,  /Vwx), 
Finland  {KarsUn),  United  States  (New  Hampshire). 

Fonn  ohlorooephala, 

Usually  tufted,  entire  fungus  4-6  cm.,  high,  every  part  dark,  dingy 
green.    Asd,  spores,  and  paraphyses  as  in  the  typical  form. 

Syn4 — LeoHa  chlorocephala^  Schwz.,  Sjn.  Fung.  Carol.,  in  Soc  Nat 
Cur.  Lips.,  1822,  p  88  (in  extract)  ;  Fries,  Syst.  Myc.  ii,  30,  1823 ; 
Cooke,  Mycogr.  98,  fig.  174,  1875;.  Phil.,  Brit  Disc  23,  1887; 
Sacc,  Syll.  viii,  n.    251 1,  1889;   Massee,  Brit  Fung.-Fl.,  iv,  471, 

1895. 

Exs. — Rav.^  Fung.  Carol  iv,  n.  22  ;  Ellis  and  Everh.^  N.  Amer. 
Fung.  ser.  ii,  n.  2032. 

Hab. — On  the  ground  in  woods,  &c. 

Distr. — South  of  England  (New  Forest,  Hampshire,  Miss  Broad-- 
wood\  Bournemouth,  Massee  \  Surrey),  United  States  (S.  Carolina, 
Raveml^  n.  1633 ;  Pennsylvania,  Michener^  n.  3979 ;  Salem,  SskwemUui 
Massachusetts;  Jacksonvflle,  Florida,  Calkins;  California,  Harkmssj 
n.  1216),  Guiana  (LepneuTy  n.  1073). 

Form  sliidtata.    (PI.  XUI,  Fig.  65.) 

Scattered  or  gregarious,  entire  fungus  5-9  cm.  high;  asdgeroas 
portion  irregularly  waved  or  lobed,  dark,  lurid  green,  up  to  2*5  cm. 
broad;  stem  stout,  more  or  less  sulcate  or  lacunose,  yellowish, 
brownish,  or  green.  Asci,  spores,  and  paraphyses  as  in  the  typical 
form. 

Syn, — Tremella  (Hygramiira)  siipitaiay  Bosc,  Berl.  Mag.  Nat,  181 1, 
80,  tab.  6,  f.  14. 

Hygromitra  stipitata,  Nees,  Syst.  181 7,  40,  tab.  xv,  f.  144  (after 
Bosc). 

Leotia  vtscosa^  Fries,  Syst  Myc.  ii,  30,  1823 ;  Cooke,  Mycogr.  98, 
f.  173,  1875;  Sacc,  Syll.  viii,  n.  2514,  1889. 

Leotia  lubrica,  var.  viscosa,  Qu^let,  Enchirid.  266,  1886. 

Exs, — jRavenel,  Fung.  Amer.  n.  173;  Ellis,  N.  Amer.  Fung.  n. 
663. 

Had. — Sandy  ground. 

Distr, — France  (Qu^e/),  United  States  (South  Carolina,  Ravenel, 
nn.  702,  1784,  2315,  2976;  Salem,  Schiva'nitz), 

The  following  note  accompanies  Ravenel's  specimens,  n.  1784: — 
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'Pilcus  con\'ex,  undulate,  not  so  \iscous  as  /.  luhrica ;  dark  green,  |-(  in. 
broad.  Stem  hollow,  thick  or  compressed  and  sulcate,  exi>anding  into 
pileus,  covered  with  a  greenish  powder,  the  ca\itj  filled  with 
a  gelatinous  matter.  Sometimes  caespitose,  in  clusters  of  a-3-4; 
growing  in  light  sand  beds,  mostly  preferring  roads  but  little  used, 
generally  only  the  pileus  appearing  above  ground.  Autumn  and 
winter.  This  is  probably  the  plant  which  Bosc  describes  as  TrewuUa 
ttipitata  {Leotia  viscosa,  Fr.) ;  I  think  it  is  a  large  state  of  Z.  ckloro- 
cfpkaid.    Found  in  Aiken  and  in  the  Santee  Canal,  S.  Car.' 

Ulien  of  large  size,  this  form  appears  to  be  very  distinct,  but  it 
lasses  back  l)y  every  transition  into  chlorocrfhaia,  as  observed  by 
Ravenel ;  and  when  the  stem  is  yellowish,  some  forms  approach  the 
typical  form  in  general  appearance. 

The  most  pronounced  features  of  the  species,  including  its  forms, 
are :  ver)-  slender,  branched  {Kiraphyses  with  small  piriform  tipa,  ascus 
and  s|>ore-mca>urcments  as  given  in  the  diagnosis,  and  the  minutely 
granulose  or  squamulose  stem,  which  appears  to  be  puK*erulent  as 
»een  with  the  naked  e)*e.  When  the  stem  is  pale  coloured,  the 
granules  are  whitish ;  when  dark  coloured,  they  are  green.  See  note 
un«ler  /.  atrcntrens. 

S|>ccimens  of  the  typical  form  named  by  Persoon  examined. 

L^otiA  maroida.  Pfrt.,  Syn.  613,  1801  ;  Ptrs,,  Myc.  Fair,  i,  aoj, 
iHaa  ;  Fritt,  S\st.  Myi.  ii,  JH.  1823.     (PI.  XII.  Figs.  l8-ao.) 

FavKuIate  or  j:rrj;aru>ui»,  s^mewlul  gelatinous  i*l»en  moiM ;  asci- 
tjrrous  |H»rtH>n  ptle.itr.  <on\i'X  iln-n  l)ecoming  irrrguLir.  often  more  or 
V'^s  unilN>nate.  mar^Mn  intunrd,  navy,  comave  lielow.  thin,  yellow, 
al>i»ut  I  4  111  liro.id  :  Hicm  4-10  t  m.  lon^,  1  4  mm.  thick.  ^a\y,  equal 
or  t4|H  nni:  iloHnuards.  colourol  like  tlie  pileus.  e\rry  |art  gUltrous. 
.\m  u<»  narruHh  (]4\aie,  x\wx  narrourd  and  the  wall  thu  kcned,  not 
Mill'  miih  imliiu*.  t40-i;,oxii  Ii  h;  ?*|>ore*»  H.  i-^natr  aUnr, 
I  M-nalr  l»rl..\%.  fiiHifirm,  rn(K  rather  aiuir.  Uftuall)  Oi^hllv  curvet!, 
4-/»  ^'uitiiLitr.  fifully  ;,-vrpt4te.  30  X  r»  h:  jarajiliw*  nlrn-lrr.  very 
^li^'titly  <<r  i.ctt  x\  all  ihukrnrd  at  tin   aj-rs.  iitrai^ht 

S\n      /M/.Vn:  m.if.iJttt,  .Mull.  I  lor    I>an  .  tal»  ftr)4.  f   ».  «:7r. 

i'uJ  nt.t  m.if.iJj.  <,»Ut-l,  Kliil.irul    Jf»7.  I.H^O    '1 

i'uJ  ninl.t  mdf.tMt,  Saic.  S)ll   \ui,  n    1  jj.  1NH9 

//.i'      <  hj  ihr  j:rt»un»!  anion ^*  mio»»   At 

Ih:tf      Fran*  t*.  IV  ntiurk 

\ 
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The  above  descriplion  is  drawn  up  from  specimens  in  ihe  Kew 
Herbarium,  which  were  coilecled  by  Bulliard  in  the  forest  of  Com- 
pifegne,  and  named  by  Persoon. 

Distinguished  from  Leolia  lubrica  by  the  unbranched  paraphyses, 
not  being  thickened  at  [he  apex,  and  tbe  much  more  slender  build  of 
the  ascophore,  which  is  not  green. 

Very  siigbtly  subtremeilose,  not  greenish  yellow.  Agreeing  admirably 
with  the  figure  in  Fl.  Dan.,  tab.  654,  except  that  I  have  not  seen  the 
slem  more  than  2  inches  long.  The  name  is  also  excellent,  the  whole 
substance  dry,  resembling  leather;  tomentose  but  not  veined  on  Ihe 
under  surface  (Wahlenb,). 

Gregarious,  slender,  slightly  gelatinous ;  not  greenish,  neither  in  the 
specimens  I  have  seen,  nor  in  an  unedited  figure  in  the  library  of 
Hornemann.  Stem  3-4  in.  long,  1-2  lines  thick,  crooked.  Pileus 
\  in.  broad,  rarely  more,  subumbonaie,  margin  inflexed,  wavy,  concave 
and  same  colour  underneath  (Fries). 

Iieotia  aquatica,  Libert,  in  Jioumtg.,  Fung.  Sel.  Gall.  Exe^  n.  639 
(with  diagnosis),  1880;   Pal.,  Tab.  Anal.  Fung.  3a,  fig.  75,  1883. 

(PI.  Xll.  Figs.  21-22.) 

Gregarious;  ascigerous  portion  convex  at  first,  then  plane  or  sotDe- 
what  depressed,  margin  slightly  incurved,  rufous,  glabrous,  3-6  ram. 
broad,  rather  fleshy  ;  stem  slender,  1-2  cm.  long,  often  flexuous,  white. 
cylindrical,  glabrous,  base  tomentose.  Ascus  clavate,  apex  sUghtl; 
narrowed,  not  blue  with  iodine,  about  70x8^1;  spores  8,  a-seriate 
above,  becoming  i-seriate  below,  elliptical,  ends  narrowed,  sometimea 
slightly  curved,  11-14x4  f;  paraphyses  slender,  slightly  clavate  and 
brownish  at  the  tips,  more  or  less  agglutinated  together. 

Syn. — Cudonia  aqualtca,  Qu^let,  Enchirid.  267,  1886. 

CudoniiUa  aqualica,  Sacc,  Syll.  viii,  n.  135,  1889 ;  Rehm.,  Kr.-FL, 
n.  5884,  1896. 

Hab. — On  submerged  wood  and  branches. 

Distr. — Germany,  France. 

SchrOter  {Krypt.-Flora  von  Schlesien,  iij,  pt.  if,  p.  21)  says  the  asd- 
gerous  portion  is  'white  when  fresh,  brownish  when  dry';  this  state- 
ment is  repeated  by  Rehm.  Both  these  authors  also  give  the  same 
spore-measurements  (7-9X3-3f)<  which  are  less  than  those  found 
on  examining  Madame  Libert's  specimens. 
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Leotia  stagpialis,  Massee, 

Ascigerous  portion  convex,  orbicular,  the  free  margin  incurved, 
glabrous,  waxy,  rather  firm,  yellowish  flesh-colour,  then  dingy,  4-5  mm. 
diameter;  stem  slender,  apex  grooved,  pale  ochraceous,  base  tinged 
olive,  i-i«5  cm.  long,  scarcely  i  mm,  thick.  Asci  (?);  spores  con- 
tinuous, narrowly  elliptic,  2-guttulate,  12-14  fi  long. 

Syn, — Cudonia  stagnalis^  Qu^L,  Assoc.  Frang,  xii,  1883, 13,  pi.  7,f.  10. 
Cudoniella  siagnalis^  Sacc,  Syll.  viii,  n.  134,  1889. 

Hob, — On  leaves  and  decaying  vegetable  matter  on  the  margins  of 
swamps. 

Disir, — Germany  (Alsace,  QiUlet\ 


Doubtful  Species, 

Leotia  platypoda,  Pers.,  Myc.  £ur.  i,  202,  1822;  Fries^  Syst. 
Myc.  ii,  28,  1823 ;  Sacc,  Syll.  viii,  n.  2513,  1889. 

This  species  was  first  described  by  De  Candolle  (Flor.  Fran9.  vi, 
29,  1 8 15)  as  follows :  *  This  species  of  Helvella  is  one  of  the  smallest 
of  the  genus,  and  rarely  reaches  more  than  six  lines  high ;  its  consis- 
tence is  gelatinous,  slightly  coriaceous;  the  pedicel  is  entirely  com- 
pressed, of  a  dirty  white  colour,  terminated  by  an  irregularly  wrinkled 
or  undulated,  small,  brownish  cap,  the  margin  slightly  turned  down. 
M.  Aubin  found  this  fungus  growing  on  the  ground  in  the  neighbour- 
hood of  Grasse,  in  Provence.' 

Syn, — Helvella  plaiypoda,  De  Candolle,  Flor.  France,  vi,  29,  1815. 

Hah. — On  the  ground. 

Distr. — France. 

The  above  description  does  not  convey  a  very  clear  conception  as 
to  what  the  species  was  like  that  De  Candolle  had  in  view.  Patouillard 
(Tab.  Analyt.  Fung.  n.  447)  had  figured  and  described  a  fungus  which 
he  considers  to  be  the  species  of  De  Candolle,  collected  by  MM.  Bom- 
mer  and  Rousseau,  near  Brussels.     His  description  is  as  follows : — 

'Fungus  1-2  cm.  high.  Pileus  gelatinous,  wrinkled,  undulated, 
russet.  Stem  compressed  at  the  summit,  attenuated  below,  whitish. 
Asci  containing  eight  spores,  2-seriate;  spores  elongated,  clavate, 
3-4-guttulate,  hyaline;  paraphyses  branched.' 

According  to  the  figure  the  spores  are  narrowly  cylindric-clavate, 
21-22x5-6  fi. 

X3 
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Leotift  Terpoides,  Matsu. 

Asdgeroas  poition  discoid,  rotund,  yeUowisb,  margin  entiR^  9t- 
curved,  disk  di7,  wiinlcled,  even  below,  pallid,  4  mm.  broad;  tleDi 
2—3  cm.  long,  1  mm.  thick,  dilated,  contorted,  brown. 

^H. — Paiaaverpoidet,  Sauter,  Hedw.,  1876,  149. 

'  Phiaka  verpoida,  Sacc,  SyU.  viii,  n.  loSi,  1S89.  

CudottuUa  vtrpmJa,  Rehm,  Kr.-FI.,  n.  5886,  1896. 

Ht^. — On  rotten  beech  wood. 

Ditir. — Germany  (Salsborg).  

This  speciea  may  possiUy  prove  to  bdong  to  Helelatm  rtiher  than 
io  Lului. 

I^otlft  rnlh,  Rotlnip,  Fang.  GroenL  636>  1888;  Saxe^  SylL  viii. 
n.  3517,  1889. 

Asdgerona  portion  wavy,  margin  revolnte,  1-3  mm.  broad,  niToua ; 
stem  unequally  terete,  mfo-femgiiKHis,  5-6  mm.  high.  Asci  l^retc- 
ckvate,  pedicellate,  60-70  x  a  fi ;  spores  (7). 

Hah. — Among  mom. 

Dutr. — Greenhmd  (Agdlmtaok). 

Xeotia  finottgena,  Matm. 

AadgeroBS  portion  hemispherical,  ochraceoos,  i  mm.  diameter; 
stem  I  cm.  high,  0-5  mm.  thick,  white.  Asci  300-310x6-7  ft; 
spores  35-45  X  6  /I,  i-a-septate,  hyaline. 

Sytt. — Cudoniella  J'ructigtna,  Rostrup,  Meddel.  om  Greenland,  iii, 
591,  1891 ;  Sacc,  SyU.  Suppl.  xl,  n.  3407,  1895. 

Hab. — On  fruits  of  Archangdica  officinalu. 

Ditlr. — Greenland . 

Judging  from  the  habitat,  this  species  may  prove  to  belong  to  tbe 
genus  HiloHuM. 

Leotia  elegantola,  Kakhhr.,  Grev.  x,  143,  rSSa ;  Sace.,  SylL  viii, 
n.  2516,  1889. 

SubsoUtary ;  ascigerous  portion  the  size  of  a  pea,  convex,  margin 
involute,  somewhat  shining,  blackish  brown  with  a  purple  tinge ;  rugose 
and  almost  luncllose  below,  ochraceous  tan;  stem  cylindrical,  equal, 
base  dilated,  pulverulent,  ochraceous  tan,  3-5  cm.  long,  3  mm.  thick. 
Spores  shortly  ovate,  tinged  brown,  translucent,  9x6/1. 

^.rf— (?) 

Dislr. — S.  Africa  (Somerset  East,  MacOvoan,  n.  1310). 
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Apiarcntly  a  very  remarkable  species,  respecting  whiih  more 
ri*quires  to  be  known.  If  tlie  Sipores  are  truly  coloured,  the  fungus 
cannot  remain  in  the  present  genus,  neither  docs  it  agree  with  any 
oUier  genus  at  present  established. 

SpRAtiUEOLA,  Massee. 

Ascophore  sessile,  subglohose,  irregubrly  nodulose,  glabrous,  solid, 
hymenium  covering  the  entire  surface,  attached  to  the  substratum  by 
radiating  mycelium.  Asci  narrowly  cylindric-clavate,  a|)ex  slightly 
truncate  or  cb'.i.se,  pore  blue  with  iodine ;  spores  8,  obliquely 
I -seriate,  contini:o.<fi  hyaline,  smooth,  elliptical;  paraphyses  slender, 
M-|»tate. 

SpraffueoU,  Mas^ec,  Journ.  liot.  xxxiv,  144,  pi.  357,  figs.  8-9, 1896. 

Mitrula,  lierk..  (irev.  iii,  149.  1875. 

The  valiility  of  the  present  genus  is  not  entirely  lieyond  douU, 
partly  owing  to  the  fact  that,  so  far  as  1  am  aware,  only  two  S|)ecimens 
are  known ;  these  are  in  the  Kew  Herbarium.  I^iflfers  from  ^s^xy 
other  genuft  included  in  the  <  leoglosseae  in  lK*ing  alMolutely  sessile, 
Uie  asco|>hore  l)eing  irregularly  gl(t!K>Mf*,  coan^ely  no<lulo8e,  solid,  and 
everywliere  covered  by  the  hymenium.  Mitrula  is  the  genus  most 
nearly  approached  in  the  structure  of  the  asii  and  s|>ores 

I)titr.^i)\\i.'  H|ircies;  I'nilrd  Staten. 

SpraffueoU  amoricana.  M*nift,  Journ.  liot.  xxxiv,  144.  pi.  357, 
fip  H   i,.  iK.,ft.     (PI  XI 11.  FiK-i  74.  7^  > 

.XsKiU'l.oTr  su!»^:I')^N>sr.  attachr.l  li\  .1  tinud  base.  nMrsely 
n<«!u!'  M.  L:).i^rou^.  1  .',  i  .'1  <>(".  Irgh  and  broatl.  |alr  (nhracrouH  tan 
(%ihrn  dr\  t.  tl<sh\.  ^^\.^',  iiitmialU  uhi:c  .\vi  ii.irroMlv  ivlitidnc- 
ila\air,  ajK-x  4)b:us(*.  \^'nv  V\\xv  with  UHlnir.  70-Sox5-*»^,  s|K»rrn  H, 
(ibli«}ti«  ly  I  M  rule*,  (.ftitiiiuous  li\aliiir.  rUiptua).  ^mtnith,  en  Is  obtuMr, 
*»  .*»   7  ><  .r.'i  **  i   |ar.i|ih\M'%  sl«iidrr.  srplatr,  ^li^htl)  i'.a\ate.  straight. 

S\n.-  Mittuli  ,fiif>il,i.  iTien.  Ii<*rk.,  N.  Amrr.  Fung.  ii.  704*.  in 

//.i^'      On  tin-  k'Tixitid  ani«'n^'  pint-  l<M\rH. 

/a-  /f.      I  inti  i1  Mati  »  (Nr>»  1  n,;lani1.  Sfr.i^-uf,  n    ;,7H-» 

\s   \*t   Vkhat   Sf^J/^u.i'  t,i   t'l./.tU,    I'Mf^,    ft  aii)    |H,    «r    UuU    nr\rr 

kn«»>ft.  A>  ::  ha*«  (t«>(  U « it  d«-M  nti<-il      In  tir^t  nicniionin);  IIm-  tianie    - 

>uinrii   V*^  >■  alt  !   .J47'>**4'M      I  rir%.  in  nniira^linj:  il  wiili  .V  flaitJa, 

^^y*.      \    \'i\**i\    .li»t.ni  .i^mHu    '     huckil    jmrpii   a»   tlic    »|i€tie^    •*! 
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Fries  a  Spathuhna  differing  from  S.flavida  in  having  slightly  differ- 
ent spores,  measuring  48  x  3  Mi  whereas  his  measurements  for  S^fitariia 
are  7flxt/ft  (Symb.  Myc.  33a).  Berkeley,  on  the  other  hand,  con- 
sidered the  New  England  fungus  communicated  by  Sprague  to 
represent  S.  crispaia  of  Fries,  but,  observing  that  the  spores  were 
elliptical,  placed  it  in  the  genus  Mitnda^  without,  however,  giving 
a  diagnosis,  but  simply  stating,  *  Sporidia  elliptic,  uniseriate.'  As  the 
fungus  under  consideration  is  neither  a  Spathularia  nor  a  MUnda^ 
neither  does  it  accord  with  any  hitherto  defined  genus,  it  is  named 
after  its  discoverer,  one  of  the  pioneers  of  N*  American  botany 
(Massee,  Joum.  Bot.  L  c). 

Hemiglossum,  Pat. 

Ascigerous  portion  gelatinous,  coriaceous,  simple  or  branched,  tongue- 
shaped  or  convolute,  stipitate ;  hymenium  unilateral ;  asci  elongated, 
opening  by  a  pore ;  spores  8,  small,  ovoid  or  fusoid,  hyaline. 

Hemii^Loflram,  Patouillard,  Rev.  Myc.  1890,  135;  Sacc,  SyL 
SuppL  z,  p.  a,  189a. 

Distinguished  at  once  from  all  other  genera  by  the  more  or  \tm 
incised  vertical  ascigerous  portion  having  the  hymenium  developed  od 
one  surfiftce  only,  the  other  surface  remaining  sterile.  This  differentia- 
tion of  surfaces  is  also  met  with  in  Leotia  and  Vidn'ssea,  but  in  both 
these  genera  the  ascigerous  portion  is  pileate  and  horizontal,  the  upper 
surface  being  fertile,  the  under  surface  sterile.  Hemiglossum  is 
analogous  in  the  arrangement  of  its  hymenium  with  Skepperia  and 
Lachnocladiumy  genera  belonging  to  the  Basidiomycetes. 

Disir, — Only  one  species  known,  China. 

Hemigloflsum  Yuxmanense,  Pat,  Rev.  Myc.  135,  pi.  cvii  bis,  fig.  a, 
1890;  Sacc,  Syll.  Suppl.  x,  n.  4468,  1892.    (PI.  XIII,  Figs.  83,  84.) 

Ascigerous  portion  simple  or  branched,  more  or  less  incised  or 
lobed,  margin  revolute  below  or  all  round,  thin,  about  i  mm.  thick, 
10-15  mm.  long,  4-8  mm.  broad,  smooth,  tawny;  concave  sterile 
face  paler,  furfiiraceous  owing  to  the  presence  of  tufts  of  ovoid,  brown 
cells;  stem  rigid,  slender,  straight  or  flexuous,  reddish  brown,  1-2  cm. 
long,  2-4  mm.  thick.  Asd  stipitate,  elongated,  apex  obtuse,  becoming 
tinged  blue  round  the  pore  with  iodine,  55-60  x  4  fi>  spores  8, 
i-seriate,  hyaline,  continuous,  fusoid,  ends  rather  acute,  2-guttulate, 
6-7  X  1-5-2  fi ;  paraphyses  linear,  simple,  hyaline. 
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//«i^.— On  ihc  ground  (?). 

Disir. — China  (Tsang-dan,  above  Ta-Ii,  J/.  Tabhi  rtlax^ay). 

A  \txy  remarkable  species,  the  type  of  structure  being  unique. 
I  once  met  with  what  ap|)eared  to  l>e  at  first  sight  a  structure 
agreeing  exactly  with  that  described  above,  and  was»  on  the  }ioint  of 
describing  it  as  a  new  genus,  when  I  dii»covere<l  that  it  was  simply 
a  Mitrula,  the  ascigerous  jMrtion  of  wluth  liad  been  cruslicd  and 
burst  o|)en,  thus  presenting  a  flattened  expansion,  more  or  less  incised, 
and  with  one  surface  fertile  and  the  other  sterile.  I  have  no  evidence 
that  such  is  iIk*  explanation  in  the  present  instance. 


NkolectA,  Speg. 

Ascigerous  i>ortion  sharply  defineil,  terminal  on  a  stem  with  ifthich 
it  is  homogeneous,  terete  or  »pathulatc>-compres!ied,  bright  coloured. 
Asci  cylindrical,  8-s|»ored ;  s|)C)res  globose,  hyaline,  simple;  |ara* 
physes  a)>sent. 

Heoleota,  Sp^gazzlni,  Fung.  Argent.,  Ihig.  iv,  in  AnaL  Sck.  CienL 
Argentina,  torn,  ix,  Kj,  18M0;  Sacc,  Syll.  \iii,  40,  1889. 

Agreeing  in  general  habit  with  the  genera  Mitrula  ami  Spathularia^ 
but  ill  tingui^hetl  from  tliese  and  Ks^xy  other  genus  by  the  glolMse 
spores. 

Ihilr.     One  >|>ecies,  confined  to  Ilraxil. 

Heolecta  fUTO-Tirosceos,  A/^aV.  Fun^;.  Arg..  Tug.  iv.  .\iul.  Stic. 
iunl.  .Vrgcntiii.i.  ix,  H  j,  ih8o;  .S,/4i.,  Syll.  vjii,  n.  iji,  ihH^. 
(ri.  XIII.  Fi^v  ^<9.  VoT 

A>ci^('rou<«  |Mirtu»n  irrrgtil^rly  t\liiii1riial  or  daxAlr-iom]  rrsM*d, 
often  ^pathuI•i:l^  a|»ex  ol»tUM<  or  %ia\y  ainl  rtiuiulcd.  lav.*  niorr  or 
l<«is  di^tirut.  lurroMrd  into  the  !iti  m,  15-^5  nim.  hi^h  b\  1-.*,  mm. 
br<u<l ;  tliuki«>h.  S4>mruh.it  rlastu  an  1  tlrsh\.  rvm.  ()uitr  ^l.thrt  uf, 
rarely  hc-rr  x\\y\  (hrrr  f;nx»\eiland  plit  atr.  \rry  brtf;h:  grf-ruiHii%rllii«  ; 
stem  sultf-rct'-.  i(>ntiiiU4»u«»  and  lionu»);et)Ciius  with  llie  tcitilr  |iort'«'ii, 
even  cr  m:nutely  ru^ulose.  |al«*r,  nunuiely  aiitl  irrrpilarlv  rcoliiig 
below,  4-iouiiii.  King,  i-if,  mm.  thick.  A«-ii  i\hiitlrual  or  t\UndrK- 
subclavate,  a\^x  \c-f)  obcuv*.  ttarrowrtl  In lou  into  a  UiD^.  sRUilcr 
|cducl.  ^o•^.',  A  f, -6^ ;  io«iine  ^'i\i^  iu>  Mue  lolour.  wall  ol  aMUS 
r\er)wlArrr  il.ui.  ilehisciiifT  I7  an  «i|<fiuluni;  ^(lorrs  8.  glubiMc, 
h)ahae,  Mi:h  1  lar^r.  i mnifu  oil  ^lolmie,  h\aliac,  4  -5#»  duinetrf. 
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Hab. — Among  heaps  of  rotlen  leaves  and  twigs. 

DislT. — Brazil  (Apiahy,  Puiggaei,  n.  i644)'  A  fragmenl  of  this 
Bpecies  was  also  found  among  specimens  of  other  fungi  sent  from 
Brazil  by  Glaziou. 


Excluded  Species. 

Tfu  following  are  excluded  as  belonging  U  genera  not  included  in  /fie 
Geogloiseae  as  defined  in  Ike  present  work : — 

Tibrissea  microscopica,  Berk,  and  Broome,  Ann.  Nat,  Hisi.  ser. 
4,  xvii,  142,  1876 ;  Phil;  Trans.  Linn.  Soc.  (Bot.)  ser.  2,  ii,  7,  pi.  i. 
f.  17-24,  18S1  ;  Phil.,  Brit.  Disc.  319,  1887  ;  Saec,  Syll.  viii,  n.  175, 
1889  ;  Massa,  Brit.  Fung.-FI.  ix,  481^,  1895. 

This  species  does  not  exhibit  the  characters  of  Vibrisiea,  and  should 
henceforth  be  known  as  Gorgoniceps  microstopiea  (B.  and  Br,). 

Tibrissea  turbinella,  Sate.,  Syll.  viii,  n.  174,  1889, 

Syn. — Peziza  turbitulla,  Berk.,  Dec.  Fung.  n.  358,  in  Hook.,  Joum. 
Bot.  iii,  1851. 

Ptiixa  slilboidea,  Berk^  Dec,  Fung,  n,  359,  in  Hook.,  Joum.  Bot, 
iii,  1851. 

Vihrissea  slilboidea,  Sacc,  Syll.  viii,  n.  176,  1889. 

The  types  of  both  the  supposed  species  have  been  examined,  and 
prove  to  be  identical.  The  fungus  is  a  typical  Pocillum,  and  should 
stand  as  P.  turbinellum  (B.). 

Tibriflsea  penzoides,  Libert,  ms.,  in  Phil.,  Gen.  Vibrissea,  Trans. 
Linn.  Soc.  (Bot,)  ser.  2,  ii,  8,  pi.  2,  f.  8-13,  1881 ;  Saee^  SyU.  viii, 
n.  173, 1889. 

Saccardo  has  a  query  as  to  whether  this  species  is  not  a  Gorgoniceps, 
and  on  examining  the  type  I  find  that  he  was  correct ;  the  species 
will  rank  as  Gorgoniceps  peaiaoides  (Lib.). 

TlbriaBoq  Guemisaoi,  Crouan,  Ann.  Sci.  Nat.  vii,  176,  L  4, 
f.  24-26,  1857 ;  Phil.,  Gen.  Vibrissea,  Trans.  Linn.  Soc.  ser.  3,  ii,  8, 
pi,  3,  f.  1-7, 1881 ;  Phil,  Brit  Disc.  319,  pi.  ro,  f,  61, 1887  ;  Manet, 
Brit.  Fung,-F],  iv,  488,  1895. 

Gorgoniceps  Guernisaei,  Sacc,  Syll.  viii,  n.  2082,  1889. 

Saccardo  is  correct  in  placing  the  present  species  in  the  genus 
Gorgoniceps. 
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VibriMO^  leptospon,  Phil,  Trans.  Linn.  S<k.  (Dot.),  scr.  a,  ii,  8, 
pi.  a,  f.  19-33,  1881  ;  PhL,  Hriu  Disc.  320,  1H87. 

Syn. — Pnha  Uf'iaspora,  Berk,  ft  Hroome,  Ann.  Nai.  Hist.  scr.  3, 
xviii,  I  a,  tab.  4,  f.  30,  1866. 

I'ibn'ssea  Guerm'saii,  \'ar.  Upiospora,  Massce,  Brii.  Fung.-Fl.  iv, 
488.  1895. 

Gorf^onitefs  leptospvra^  Sacc,  Syll.  viii,  n.  ao86,  1889. 

Vibhssea  Ftrgustoni,  Phil.,  IVanti.  Linn.  Soc.  (Ik>t.>,  scr.  a,  ii,  7, 
1881 ;  Phil..  Brii.  Disc.  318,  1887  ;  Sacc,  Syll.  viii.  n.  173.  1889. 

PaitUaria  Fergus simt\  Berk,  ft  Broome.  Ann.  Nat.  Hint.  p.  39. 
pL  iv.  f.  30.  1875. 

Goff^onufps  itbrisstotJfs^  Sacc.  Syll.  viii,  n.  3084,  1889. 

(ror^'imur/'S  iurhinaia,  Sacc,  Consp.  Gen.  Disc.  7. 

litiotium  xihn'ssfoiJfs.  Peck.  32nd  Rep.  N.  Y.  Stale  Mus.  48,  1879; 
Peck,  Bull.  N.  Y.  Scace  Mus,  1887.  p.  a8.  pi.  a.  f.  7-9. 

Vthriista  turhmtta,  Phillips.  Gen.  Yibrissea,  Trans.  Linn.  Soc. 
(Bot.V  ^er.  2.  li.  8,  pi.  a.  f.  14-18.  1881. 

Vihrtssea  Gutrntsdi'i\  var.  vihrissemdis,  Massee.  Brit.  Fung.-Fl.  iv, 
48H,  1 895. 

PaUliifui  rtiisfi,  iWrk.  &  Curl.,  in  Cooke'h  l>iM.om.  of  U.  S.,  pi.  n, 
in  Bull.  BurT  Soc.  Nat.  Sii.  27.  1876;  Sacc.  Syll.  \iu,  n.  3241. 
1889. 

In  Bnt.  FuHK-Mora.  iv.  4hH.  I  \u\v  lonsiilcreil  Irpts^spora  and 
itintstK'hhs  as  \driclie>  of  (/infiffijjti ;  however,  un  re-exaniinin^ 
a  larger  •^ru*'  of  sjittinK-iis,  I  t'lml  lh.it  ilie  slcmfcr  \ariital  iluracteis 
oil  vkhitli  I  tli'i'^-iuii  •!  .iff  lioi  iuiiMani,  .iml  ihrrt*  \s  no  iloubi  but 
tl..il  i*f''^'f  't  J'tfijun  ui,  : ihiijt  t.ui,  /itrhnj/j,  and  f..ijj  arc 
iilifitual  v\i:li,  atid  '<\niiii\ni^  i*l.  G-  r^'-  nitt/t  Gitif  9911*1*1.  ^aik 

'I  h(*rr  IN  .1  Doll-  in  Dr.  i*-H:k(-''«  hanilMnliii^  in  llcrh.  Kcu.  siaiing 
llu:  Hel  ttum  \ihfii  ,  .;'*:.  Prck.  xn  iilnilu  al  uiih  J^aUtiifiit  fii:/*r.i, 
\\  k  K  .  I  h.i\e  nil  kiiiiwle>l^i*  oi  either  N)TiinK*n  or  •!>>«. ri|>::on  <»! 
;(ir  \.x<  naim-l  «(h-i  :<*<>,  ml  im  iit:on  (htn  !m>  ih.il,  if  mu  li  a  n|-<iu'h  i^ 
r&:a:.t.  it-*  .iflii;'.:*  «  liia\   br  kiioun 

MitruU  muoordao.  Pn*-.  S\^:  .M\c.  1.  ^m,  i^ii  ;  .V14.  .  ."^Ul 
\i  :    f.    lit    i.*»>*«^ 

N|»»       (\r  jftt  ".u  i'.rt'    *^.  iinfn     >.n  II    40;.  I '*oi 

\t.  \   ^'..i:*^   li  i' til  h         •J.'i>  l'**^'    I"    a'tir>%art^   ^au    thi'^  %|»r«  ir%. 
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Kitrnlft  Inflftta^  Fries,  Elencb.  i»  234,  i8a8;  Saec^  %fL 
n.  iia,  1889  ;  LeoiM  infiaia^  Schwdnitz  to  Fries  in  litt. 

^aOmkurta  n^fhiOy  Cke.,  Mjcogr.  f.  344, 1879. 
This  species  belongs  to  the  Clavarieae,  and  is  known  as  Phyttdacrim 
a^UUa,  Peck,  BnH  Torr.  Bot  Club,  i88a,  p.  a. 

•mtnila  minuta^  Fries^  Syst  Myc.  i,  49a,  i8ai ;  Clavarid  minmU^ 
Sow^  Eng.  Fung.  tab.  391,  1803. 

Probably  a  condition  of /'u/irT&ina  iisihmf,  as  si^^ 
Eng.  FtorSy  v,  180. 

ThefoUmmng  art  txcludedim  account  of  the  impostihiUfy  ofieUrmmi^ 
ntg  ihi  species  inkndedfrom  the  hritf  diagnoses  given;  and  unless  ipfe 
specimens  exists  the  names  should  be  no  longer  allowed  io  mcumber 
n^colcgical  Uteralure. 

J^eotia  unotooaa,  Fries^  Syst  Myc.  ii,  31,  1833 ;  Sacc^  SylL  viB, 
n.  asaa,  1889;  Xehm,  Kr.-R  n.  688a,  1896. 

^m.^^J£hfella  mnOuosm^  Batsdi,  Elench.  Fung,  i,  193,  £  134, 1783. 

The  brirf  description  c^  five  words,  even  aided  by  the  minute 
^[uesi  has  not  enabled  any  one  to  identify  this  speides  wUi 
certainty,  benoe  it  always  aiq[>ears  in  ttie  list  of  uncertain  qiedes. 

Leotia  amara,  FrieSf  Syst.  Mya  ii,  27,  1823;  Sacc^  Syll.  viii, 
n.  2f  21,  1889. 

Syn, — Hehella  amara,  Loureiro,  Flor.  Cochinch.  i,  695,  1790. 

Leotia  nana,  Fries,  Syst  Myc.  ii,  28,  1823;  Pht'L,  Brit  Disc. 
26,  1887;  Sacc,  Syll.  viii,  n.  2522,  1889. 

Syn, — HelveUa  nana,  Withering,  Arr.  Brit  Pi.,  ed.  iv,  iv,  231, 
1801. 

Leotia  bmnneola,  Berk,  and  Broome,  Fungi  of  Ceylon,  in  Joum. 
Linn.  See.  (Bot)  xiv,  102,  1875;  Sacc,  SylL  viii,  n.  2520,  1889. 

Very  briefly  described  from  a  poor  sketch,  and  no  specimens 
preserved. 

Leotia  infondibuliformia,  Fries,  Obs.  ii,  299,  181 8;  Sacc^  Syll. 
viii,  n.  2519,  1889. 

Syn, — Hehella  in/undibuli/ormis,  Schaeff.,  Fung.,  tab.  277,  1762; 
Sowerby,  Eng.  Fung.  pi.  153,  1799. 
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LeotU  atra,  HV/iwii.,  Syll.  PI.  Nov,  ii.  109.  i8a8;  Frin,  Elcnch. 
ii,  3.  i8a8  ;  Racc,^  Syll.  \'iii,  n.  2518,  1889. 

QeogloMum  fkrinmoeum.  Sdavt.,  Fung.  Carol,  n.  iii6»  i8aa; 
Sacc.^  Syll.  viii,  n.  154,  1889. 

The  description  obviously  refeni  to  the  conidial  condition  of  tome 
liypoxylom,  but  specimens  alone  can  settle  the  sftecies,  the  diagnosis 
being  too  brief. 

Q«ofloMum  rugocom.  lasch\  Sacc,  Syll.  viii,  n.  155,  1889. 
According  to  IkH.  Ztg.,  1846,  45,  a  specimen  bearing  this  name 
occurs  in  Klotisch-Rabenh.,  Herb.  .Myc.  n.  816.  As  a  matter  of 
fact,  the  fungus  in  question  does  not  occur  as  indicatcil,  neither  can 
any  trace  of  a  specimen  bearing  the  above  name  be  found;  and 
furthermore,  as  it  was  never  described,  the  nanoe  may  be  aDowed 
to  lapse. 

Vibriaaea  fUTipoa.  Rah<nh.,  in  Klousch-Rab.,  Herb.  Myc.  cent 
x\ii,  n.  27,  1850;  Ik>t.  Ztg.  185a,  p.  a86;  .Wr.,  Syll.  viii.  n.  171, 
1K89;  Rehm.  Kr.-Fl.  n.  5890,  1896. 

This  sfiecies  is  siynonymous  with  Compryhi  mivea,  Rehm. 
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Cttfrnietfi  viManuki, 


,   lutigtna,  »94, 

—  marctaa,  391, 

—  sUgnalit,  »<(3. 

—  vtrpoidtt,  194. 

EhxHa,  153,  >S6. 

—  clavata,  155. 

—  cuttillata,  176. 


Fungtu  gelatiiumi  fia- 


.  '7»- 

—  cuaUtatum,  176. 

—  dtffemu,  148. 
— /arinactum,  301. 

—  Farlgwi,  J43. 

— Jtaoitm,  156,  175. 

—  eUbrom,  146. 


—  Pecltuoam,  J5a 

f.  BarUc,  »si. 

f.  ombnlile,  151. 

—  pislillaris,  375, 

—  pumilum,  353. 

—  r«>m,  375. 

—  rugotum,  301. 

—  sphagiufphilum,  347. 

—  tremttlosam,  383, 

—  imtbraliU,  ijl . 

—  velvliptt,  344. 

—  viViiilc,  369. 

—  viicetuluat,  351. 

—  viKQitim,  345. 

—  vUiUinum,  373. 

—  Walteri,  343. 
Cergvniiefii    Gttmiiaci. 

39S. 

—  uftetper»,  399. 

—  mieretiopka,  398. 

—  ptatoieUi,  398. 

—  turHim/a,  199. 


—  aqiiaiita,  39). 

—  fl/™,  301. 

—  atiovircDS,  386. 

—  jmnfua/ii,  30a. 

—  BuUiardi,  iji. 

—  chlBTTXtpkala,  300. 
f.  Sievetutm,  189. 

—  iircinam,  361. 

—  riauj.,,  160. 


-(/*^a« 


?74- 


' —  tUgantuJa,  394. 

—  tjrt^ua,  385. 
—fructigtna,  394. 

—  gtlatineia  tapituU  tmi- 

viridi.  388. 

—  gteglosioidti,  369. 
graiilii,  361. 

—  infiata,  300. 

—  in/uHdibMU/<^h.3f^ 

—  lariiina,  iji. 

—  lubiica,  387. 

f.     chlorocephala, 
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I«*otlA  lohrica«  f.  Stevco- 
fool,  JH9. 

C  ftiMtata,  a^a 

Tir.  uuttMMa,  J 87. 

w.  larriit  187. 

Tir.  rn^/m/a,  j87. 

vmr.  timhcmaia,  187. 

—  —  var.  visiosa,  190. 

—  maretcU,  191. 
— >  miimla,  176. 

—  -     rmf . /trif/Zt,  J77. 

—  /wjA/Za.  J77. 

—  fw/a.  i«4. 

—  jia£maus»  293. 

—  Slrrrms.'mi.  189. 

—  //«i«i«rwfl«.  i6o. 

—  tt/i^m^ta,  i7>. 

—  «jt</M*vtf.  300. 

—  tyr^#*j5ri,  J94. 

—  tiriJu,  169. 

—  rtHfiia,  300. 
JJff^.'^ttmm,  J 5 J.  J64. 
—Jfsratm,  J56. 

^  tiH^mU,  1K3. 

—  ItUtmm,  arc. 

—  mi\rfiifs:>rmm.  j8j 

^  irtmflUtmm,  183. 
«—  rt'rfJSr.  J69 

Mtrmhmt  .'uhn.U'.  i**** 

ti'tna*  turn    i^t 

—  til',  f^'ftt'tmm.  1^17. 

,'mt/..,m-    i*t 
— -  ••.'itii. /»•••;.   i7ix 

MitrulA,  .f.\.  j'».i.  iv5 

—  m^ufi  .  ;;'• 

—  i'.fa    i;i 
J. •'•J.  J ^4 

^:      !    •     J*! 

» 

r  t.,  !.».   ,*4 

*!».»'.•  J  '  " 


MitmlA  globota,  a8i. 

—  mcilts,  178. 

—  //trdtri,  J  76. 

—  i'm^aUt,  300. 
— Jphmwmi^  185. 

—  Uridna,  171. 
f.  alha,  J73. 

—  iilatima,  157. 

—  /i«/r«f.  J75. 

—  lotcola,  J  74. 

—  Imieuem,  17 1,  175. 

—  micro«pora,  j8i. 

Tar.  littoralc.  183. 

Tar.trefDcUuaa,a8j. 

—  mimuia,  300. 

—  mM^erJoi^  199. 

—  moltifofiBC.  i8o« 

f.  capitata,  180. 

f.  clavata,  j8o. 

i.  iHleata,  j8o. 

—  moKicola,  179. 

—  mj^f<tt.  J57. 

—  ohracra,  J  7a 

Tar.  /ofij^ffft.  J7« 

—  partrta,  183. 
-^  /Jka//fi*dtJ»  271. 
Tar  mlhrn,  173. 

—  ftjfi/larij,  J 75. 

-   |>iir)Hira«cciis  *^- 

—  tniulla.  J77. 
-  Kchmii.  J79. 

—  rw/f.  Jig,  J75. 

—  >kaicanr««,  j68. 

—  Kl«rf*tioruni,  j8i 

—  K-lrr<>ti|m,  J*8. 
•ct|imtina,  loH 
tfalkmUfta.  300 

•|>harr<^.r)  haU.  J77 


•  I 


vitr.Iira.  ;-  • 


,   .f-  I 


.*.« 


lff*ol#«ta.  i*i' 

rta%.»  ^ifrvrtift.  J<^7 


A./'/  •  .1.  ii/i^ 

'f    f    .1.     1*^4 
/  V  :  f  U<     ^  '*'• 

♦//.'•••/*■•  J.  Ji/v 


Fetiut  ttrfmdes,  J94. 

Phallus,  >86. 
—  mtarfiJus^  191. 
PkiaUa  vtr/mdes,  194. 
Pkytaliuria  im/Uim,  ^oa, 
Pistiilarim  mkmms,  300. 
Pfcillmm      tmrhimihmm^ 

198. 
PtJomia  titrimmms,  s6 1 . 


SylhnUrla,  J53. 

—  claTaU,  154. 

—  irUprntm.  295. 

—  fbTi,  J55. 
—Jlana,  155. 
--/svUti,  J55. 

^  —  Tar.  <rispa^  jsj. 

—  ^  Tar.  plutUA^  J55. 

—  Kcctti.  158. 

—  mm/ri.  157. 

—  rvta,  J57.  J58. 

^  —  Tar.  badipet,  ijtS. 

—  Tdotipct,  156. 
5/a/4«Aiii.  153. 

—  rw/f,  J58. 

«95 


TrtmtlU,  186. 

—  itifilMtm^  >90. 
TrLk^Uitum,  140. 

—  kirsmfmm,  141. 

%'erfa,  164. 

Vibiltwa.  J59 

—  circtnant.  jAi. 

—  fi^t^i.  301 

(/•wfiviid.  I.  ji/8. 

tar  Ufittf^fA^  199. 
-  —  Tar      t9^f»ite^$Jts. 

»V9 

.Xfi'fiMrtU,  iho, 
m$.fvt.,*ft.j,  J9II 
(>i.hrttlru«a.  i6i 

—  rm.irtim.  j'V3. 

—  it$*A-$jra,  t*f'i. 

—  tratK>4tiiii.  i^bo. 

ru'^9mM*,  JV9. 

—  fmr.^tm^*^,  jyN 

—  ««ntiu-«Urtt.  1^3 


304    MassM.-^A  Mon^raph  ef  tki  Geogbsseae. 


EXPLANATION  OF  FIGURES  IN  FtATES 
XII  AND  XIIL 

mmtntlBf  Hi.  HMMeli  Hoaegntpb  of  gajfflwww. 

PLATE  Xn. 

Fig.  I.  aMyAWM*«Mn(M,w.A^Mft»&M«.    NaLdw. 
Fig.  J.  Spon  of  Mme.     X400. 

ng.  3.  mtrmia  vUtlOm,  SUe.    Nat.  die  (^ficr  BtaMdda}. 
Flc.4.  ScctiooofMitte.    NatdM. 
Fig.  4A  Aad  aod  iMnptiTib  of  mbw.     x^oo. 
ng.}.   TOr^M*  Mm,  Peck.    Nat  hM;. 
Fig.  6.  AaED*  and  paiajdiyiet  of  Hnw;     Xfoo. 
Fig.  7,  SpoRi  of  Mtne.     x^oa 

ng.  8.  Q^gUttMm  /urttOttm,  fonn  UaHiHii,  HiMce.    Nat  dw. 
Flg.9.  SectkaofMine.    Nat  liie. 
Fig.  10,  AacM,  pamphjHi,  aad  ejMtdinm  of  Mma.     x^oo. 
T]g.  II.  Apn  of  aicM  of  lame,  ihovlng  the  ^Ccal  pev^  «,  «4M  btMWa 
Uw«bntit>tt4wlihaaolatlao<tfwdlne.     X7g0k 

Fig.  II.  ^MK  of  MttC      Xfoa 

Fig.  13.  VUrima  einimmu,  Ha«l.    Nattiae. 
Fig.  i^  SponaofHMie.     x^oa 
ng.  15.  PKIrteM  /fWMMnmi,  Friet.    NaL  Aat. 
Fig.  ■$.  Specimen  of  uune.    Sli^tly  enlarged. 
Fig.  17.  SccUmi  of  sune.    Sligbtl;  enlarged. 
Fig.  17  a.  Aicni,  parapbysis,  and  free  ipoie  of  ume.     x  400. 
Fig.  iS.  Lwtia  marcida.  Yen-.,  gronp  of  plaati.    Nat.  liie. 
Fig.  19.  Aicoi  and  paiaphyses  of  lame.      X400. 
Fig.  10,  Free  apores  of  ume.     x  400. 
Fig.  31.  Ltetia  aqttatUa,  Litiert.     Nat.  lize. 
Fig.  II.  Aicai  and  puapliyiCT  of  lame.     X400. 
Fig.  13.  Milmla  lu/aiJa,  EUu.    Nat  liie. 

Fig.  34.  Paraphjraii  and  uci  in  virions  itagei  of  development  of  tame,     y  40a. 
Fig.  140.  Free  spores  of  same.     X40a 
Fig.  35.  SpiUkularia  fiaoa,  Mass.    Nat.  siie  (after  GLIIet). 
Fig.  36.  Ascns  with  ipores  of  tame  (after  Giltet.    No  x  given). 
Fig.  17.  Mitrtita  furpursucem,  Mais.     NaL  size. 
Fig.  18.  Mitrula  ni/a,  Sbcc.    Nat  tlte. 
Fig,  19.  Atcns  and  paraphj^is  of  same.      X400. 
Fig.  30.  Free  tporei  of  tame,     x  400, 
Fig.  31.  Ct«flaitum  hirniliim,Vtn.    Nat.  die. 

Fig.  31  a.  Ascn*  cootainiog  a  fiucicle  of  eight  tporei,  paraph]tet,  and  black 
ipine-lilie  cyttidinm,  of  tlie  same  species,     x  400. 
Fig-  31.  Free  spore  of  tame.     X400. 
Fig.  33.  Afilnila  Btrttrii,  I4oot    Nat  size. 
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Fig.  34.  Asciand  puiphytji  ,of  ume.     X400. 

Fig-  35-  Free  spoMS  of  same.      x4O0. 

Fig.  36.  SfatAu/aria  ru/a,SvritHt.     Nat.  MM. 

Fig.  37.  Ascns  and  pniaphyses  of  Mine.     XfOO. 

Fig.  38.  Free  Spores  of  same.      X  40a. 

Fig.  39.  Aiilrula  CHCullata,  Friea.     N«t.  nzc. 

Fig.  40.  Aicus  and  paiapbysis  of  same.     >c40O. 

Flg.41.   Free  spore*  of  Same.      X400. 

Fig.  4).  Aicus  4tnd  paraphyses  of  Geaglessum  Ptckianum,  Cice.    Nat  liie. 

Fig-  43-   F™=  spore  of  same.      X  400, 

Fig.  44.  Gfoglossum  glainim.  Pen.     Nat  aie. 

Fig.  45.   Ascns  and  pataphyses  of  saOK.      X  400. 

Fig.  46.  Free  spore  of  same.     K400. 

Fig.  47.  Milrula /■uiil!a.Yne%.    Nat.  riie. 

Fig.  48.  A  siDgle  plant  of  nme.    Slightly  y. 

I*  'E>  49-  Section  of  lame.    Slightly  x . 

PLATE  XIII. 

Fig.  50.  Sfatkularia  elanaia,  Sacc     Nat.  nie. 
Fig.  ji.  AicDs  and  paimpbjKt  of  ume.     X400. 
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Fig.  73.  Milrula  tnuuieela,  Hcnn,     Nai.  site  (after  Henning), 

Fig.  74.  SfragHtoln  amcri.ana.  Malice.    Nat  siie. 
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Fig.  77.  Milrula  lulestens,  Massee.    Nat  size. 

Fig.  78.  GfBgifsiMm  Ainulum,  form  IVaUeri,     Nat.  slie. 
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Fig.  81.  Ltatia  alravirtm,  Peis.     Nat.  ti«. 
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Fig.  85.  Spatkalaria  velvtijies,  Cke,  and  Farlow.    Nat.  siie. 

Fig.  86.  Section  of  exterior  of  stem,  showing  the  fieey  coloared  ends  of  hyphae 
that  form  [he  velvety  sarhce.     x  40D. 

Fig.  B7.  Akus  and  paraphyaes  of  some,     x  400. 

Fig.  SS.  Fiee  spores  of  tame.     X400. 

Fig.  89,  Neolt!(a  fiavo'virt^cens  ,^^^.    Nat.  siie. 

Fig.  90.  Aicui  containing  spores  of  same,     x  400, 

Fig.  91.  Pottion  of  bymenium  of  Coprinus  airamattarius ;  a,  cyHidinm, 
originating  from  the  coalescence  of  the  apical  cells  of  two  distinct  by^»e; 
i.  basidiom,  bearing  fonr  spores.     X400. 

Fig.  ga.  Portion  of  the  hymenlum  of  Pttiza  vesiculata,  BnlL,  itunring  the 
origin  of  oospores  and  asd.     x  Jjo  (after  Dangeard). 

Fig.  93.  Showing  the  origin  of  one  of  the  protective  haini  litnated  on  the  out- 
side of  the  ascophore  of  Lachnca  alho-spadieta,  Phillips.  Using  the  teima 
employed  by  E>angea[d,  a  represents  the  two  gametes,  b  the  oospore,  not  yet 
complete,  as  tiie  two  nnclei  have  not  fused,     x  750. 

f^ig'  94-  1^  same  in  a  more  ndvanced  stage  ;  the  two  naclci  have  fiued 
together,  and  the  hair,  c,  has  commenced  to  grow  from  the  apex  of  the  oospore; 
Iclten  as  in  Fig.  93.     x  750. 

Fig.  95.  Hair  of  the  same  at  malntity,  springing  from  an  apparently  forked 
Inse  ;  letters  as  in  Fig.  94.      x  400. 
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On  Polystely  in  the  Genus  Primula\ 

BY 

D.  T.  GWYNNE-VAUGHAN.  M.A. 

Atsistami  at  tki  Cnivertity,  CUigvm, 


With  PUU  XIV. 


SOME  time  ^^o  the  anomalous  variations  in  structure 
which  arc  found  in  the  stems  of  the  difTerent  species 
of  the  i^enus  Primula  attractetl  the  attention  of  the  French 
botanist.  Van  Tic^hcm,  and  they  received  an  admirable 
elucidation  at  his  hands.  He  showed  that  while  some  of  the 
species  arc  monostelic,  others,  on  the  other  hand,  exhibit 
a  polystclic  arrangement  of  their  vascular  tissue.  However, 
bein([  chiefly  intent  u}H)n  distin^^uishin^;  between  the  various 
t>ix!s  of  structure  exhibited,  and  u|M)n  arran|;ini;  the  s|>ecies 
accordin}^  to  these  tyixrs,  Van  Tie^hem  did  not  |ay  much 
attention  to  the  rrni.irkable  variations  in  structure  which  may 
occur  uithin  a  single  species,  even  in  the  different  rei;ions 
of  one  and  the  s«iinc  plant,  although  these  facts  lud  already 
been  obfwrrveil  and  utilized  for  the  pur|K>se  of  cUs-sification 

'  Van  Tir^Srm.  rrUnt^*  thirfl^  B{x»n  ftnatoipi.al  cKani-fm,  hat  iliv^U^l  ibr 
fffiot  /Vf«i«f/j,  I  Ui!ii  two  %r)iArttr  fTf\rt%,  f*rtmmU,  1  «i«m  ainl  .4mrumis, 
loom.  I  iita  ftri^rathxi  AKfrr*  il«i*«lir  «iiK  that  l«ml  m^nfn  the  ritrtaAl 
clura^tf  ffc  «bi.  h  «a«  r«*Al.;ithr<l  \>y  'r*'«imrf><i1  hiuurlf  aUtut  1700.  lloWTTCf, 
tt  trrnit  tvat  to  retain  t!.r  lUiton'.ar^  UiNtnrfulaturr. 
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in  a  paper  written  by  Kamienski^.  Believing  that  these 
variations  may  also  be  of  some  value  for  the  purpose  of 
indicating  the  manner  in  which  the  anomalous  Primulas  came 
by  their  remarkable  structure,  I  purpose  describing  such 
cases  as  appeared  in  the  species  that  I  have  examined. 

To  begin  with,  P.  japonica^  obtusifotia^  denticulaia^  and 
involucrata  are  described  by  Van  Tieghem  as  beii^  gamo- 
stelic  with  a  few  steles  only,  and  these  arranged  in  a  sii^le 
circle'.  The  steles  are  two  to  four  in  number,  elongate  or 
arcuate  in  form,  and  they  anastomose  into  a  network,  the 
meshes  of  which  correspond  to  the  points  of  insertion  of 
the  leaves.  Although  it  is  quite  true  that  such  a  structure 
is  frequently  to  be  met  with  in  these  plants,  yet  at  the  same 
time  it  is  by  no  means  universally  present ;  indeed,  in  the  two 
first  species,  it  can  hardly  even  be  described  as  generally 
characteristic.  For  instance,  in  the  ten  or  more  mature 
specimens  of  P.  japonica  that  I  examined,  I  did  not  find 
a  single  case  in  which  the  so-called  steles  maintained, 
throughout  the  plant,  the  essential  features  of  true  and  perfect 
steles.  On  the  other  hand,  both  in  P.  japonica  and  in  P.  obtusi- 
folioj  the  steles  present  in  the  stem  are  usually  found  to  be 
defective  or  imperfect.  These  imperfect  steles  are  at  once  to  be 
distinguished  from  perfect  ones  by  the  more  or  less  complete 
absence  of  those  internal  vascular  bundles  which  are  invariably 
to  be  found  on  the  inner  side  of  every  perfect  stele.  In  fact, 
they  consist  merely  of  a  number  of  collateral  vascular  bundles 
with  normal  orientation,  fused  together  laterally  into  so  many 
groups  each  of  which  is  surrounded  by  its  own  endodermis 
and  pericycle  (Fig.  i).  The  endodermis  is  clearly  demon- 
strable right  round  the  group,  on  the  inner  side  as  well  as  the 
outer.  The  pericycle  on  the  inner  side  of  the  group  is 
represented  by  1-3  layers  of  parenchymatous  cells  directly 
intervening  between  the  protoxylems  of  the  vascular  bundles 
and  the  internal  endodermis;  on  the  outer  side  it  is  greatly 
complicated  by  the  development  of  a  radiciferous  network 

^  Abhandl.  der  Natarf.  Gesellschaft  zu  Halle,  XIV,  p.  143,  1878. 
'  Ann.  Sc.  Nat.  Bot,  7  ser.,  T.  Ill,  pp.  300  and  305. 
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{rt'seau  radicifhre\  which,  both  in  the  perfect  and  the  imperfect 
steles,  not  infrequently  takes  the  a[)pearance  of  an  outer 
series  of  normally  oriented  su()ernumerary  bundles.  This 
stran^^e  ap[>earance  is  found  wherever  the  elements  of  the 
radicifcrous  network  arc  cut  through  transversely.  The  real 
nature  of  these  outer  bundles  becomes  at  once  evident  in 
those  sections  which  pass  through  the  exact  point  of  origin 
of  a  ri>ot;  here  it  is  seen  that  their  position  in  the  pericycle 
is  taken  up  by  horizontally  running  elements  evidently  con- 
nected with  the  root -stele,  and  belonging  to  the  radiciferous 
network  (Fig.  1 ;  cf.  also  Van  Tieghem,  I.e.,  Fig.  31). 

In  four  of  the  s}>ccimens  of  P,  japonica  examined,  the 
im|)erfcct  type  of  stele  alone  was  present  throughout  the 
whole  length  of  the  stem.  In  some  it  was  present  in 
the  regions  towards  the  base  of  the  stem  only,  while  the 
rest  of  the  stem  [>osscsscd  (xrrfect  steles.  In  the  remainder* 
although  the  im{H:rfect  fi>rm  was  present  throughout  the 
greater  [>art  of  the  stem,  |K'rfect  steles  also  a[)|Karcd  in 
limited  regions  variously  distributed. 

Neither  did  any  of  the  plants  of  /\  obtusifolia  that  I  examined 
show  a  i>erf(*ct  gamostclic  structure  throughout.  In  one  plant 
the  |KTfcct  steles  (lid  not  apix-ar  at  all ;  in  the  others,  they 
were  found  only  in  limited  rc*gions  .situated  in  different  |>arts 
of  the  Ntcin. 

'I'hi*  only  |M.iiU  of  tlitk-rrnic  l>ctwccn  the  imjKrfcct  stclen 
fount!  in  P.  ibtusihlui  and  those  in  l\  jaf^vnUa  is  that  in  the 
form<-r.  ouini^;  t**  the  stron^^  >clcr»-sis  un«!crgonc  by  the  cells 
(»f  the  iintr.il  ri'ion  oi"  ilu*  I'round  tissue,  the  rnd«K!frmis  «»n 
thr  inn*  f  Milr  t«»uli!  wA  .iluav^  be  idcntitird  \sith  terl.iinly, 
allh«>ii^^h  it  is  lii^tifully  rcioj^ni/.ible  in  y«»ung  spccimrns. 

In  /*  K^'tuMfi  lut  .ifu!  /*.  tu\clui9  dta  \\v\wc  p.irts  ol  the  strm 
uhith  .irr  !«»rfi.r«!  .it  the  <iu!  ••!  onr  HcaMHi  s  ^r«»\\th  and  the 
l><-j;i!W>if^;  «•!  tin*  n<  \l  «Io  not  attain  in«»ir  than  .iU»ul  onr  third 
(»f  ilu  f.ili  ili.oiutif  of  the  >lrin.  and  in  thr»e  rr^^ions  the 
nuinl>cr  ot  stc  h  s  |»ri^<nt  \%  aluaVN  rr«!.ivftl  l«»  thrcr,  two. 
or  t'vc-n  a  ^-in;;!*'  "iir.  sha|««I  likr  a  horMNht>c.  Further,  they 
invar  lab!)'  .<iicin  tu  be  iinjK-rfcit   ^l^m;n^  a  complete  abscme 
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of  internal  bundles.  The  internal  endodermis  is  readily 
observed  in  P,  involucrata^  though  not  (for  reasons  mentioned 
above)  in  P.  obtusifolia. 

Imperfect  steles  of  a  slightly  different  kind  are  also  to  be 
found  in  P,  involucrata  and  P.  denticulata,  but,  although  they 
are  constantly  to  be  met  with  in  all  regions  of  the  stem,  the 
result  is  not  so  far-reaching  and  disturbing  in  its  effect  upon 
the  general  anatomy  of  the  plant  as  in  the  case  just  described 
for  P,  japonica.  The  chief  point  of  difference  between  the 
imperfect  steles  found  in  these  two  plants  and  that  in  P  Japonica 
is  that  here  the  internal  vascular  bundles  are  absent  only 
from  the  median  portions  of  the  stele,  while  they  are  present 
for  some  little  distance  around  each  comer.  In  the  median 
region,  where  the  internal  bundles  are  wanting,  the  internal 
endodermis  drops  in  towards  the  xylem  of  the  external 
bundles,  until  it  is  separated  from  their  protoxylcms  by  one 
or  two  layers  of  pericycle  only  (Fig.  4). 

The  existence  of  this  kind  of  imperfect  stele  is  explained 
by  an  examination  into  the  manner  in  which  the  leaf-traces 
take  up  their  place  in  the  ring  or  circle  of  vascular  tissue  in 
the  stem.  They  do  so  at  the  lower  angle  of  each  mesh 
in  the  network  of  steles,  coming  in  between  two  perfect  steles 
as  they  approach  each  other  towards  the  lower  end  of  the  mesh 
(Fig.  2).  There  the  leaf-trace  fuses  laterally,  at  the  same 
time,  with  both  of  tliese  steles  (Fig.  3)  so  as  to  form  a  large 
arc.  in  which,  of  necessity,  the  internal  vascular  bundles  which 
should  be  present  just  within  the  leaf-trace  are  wanting,  while 
those  on  the  inner  side  of  the  two  perfect  steles  which  are 
connected  by  the  leaf-trace  are,  of  course,  present  (Fig.  4). 
However,  as  this  imperfect  stele  passes  down  the  stem, 
internal  bundles  appear  in  the  median  region  also,  on  the 
inner  side  of  those  bundles  which  came  in  from  the  leaf-trace, 
and  thus  the  large  arc  becomes  a  perfect  stele.  Lower  down 
still  it  divides  by  constriction  into  two  smaller,  but  at  the 
same  time  perfect,  steles,  which  are  now  ready  to  undergo 
a  similar  process  again  with  a  lower  leaf-trace  (cf.  the  steles 
in  Fig.  2). 


in  the  Genus  Primula.  3 1 1 

In  these  several  cases,  it  is  certain  that  the  absence  of  the 
internal  bundles  and  the  consequent  production  of  imperfect 
steles  has  nothing  whatever  to  do  with  the  production  of  the 
monostelic  terminal  floral  peduncle :  for  plants  have  been 
examined  which  possess  the  imperfect  type  of  stele  throughout 
a  given  year's  growth,  itself  terminating  in  a  floral  peduncle, 
and  also  exhibiting  the  same  structure  again  in  the  next 
year's  growth  immediately  above  the  peduncle. 

Among  the  dialystclic  s|>edes  I  examined  P.  Auricula  and 
P.  Palinuri,  and  as  regards  their  mature  structure  they  agree 
in  cver>'  res[)cct  with  Van  Tieghem's  description.  The  steles 
arc  perfect  throughout,  although  a  slight  trace  of  the  phe- 
nomena described  in  connexii>n  with  the  entrance  of  the 
leaf-trace  in  /\  involucrata  may  sometimes  be  discerned:  but 
only  in  relation  to  the  median  one  of  the  many  traces  which 
enter  from  the  leaf. 

Structure  of  the  Petiole. 

In  all  the  s{>ecies  that  I  examined,  the  vascular  strands 
which  |)ass  off"  from  the  stem  into  the  leaves  are  rather  large 
in  si/e,  and  take  the  form  of  arcs  of  greater  or  less  cuivature. 
In  these  plants  at  any  rate,  I  have  obtained  a  striking  con- 
firmation (»f  the  opinion  so  strongly  advanced  by  Strasburgcr, 
that  the  lcaf-tracc\s  take  uith  them,  from  the  stele  of  the 
stem,  not  only  }>orti<>ns  of  the  endiHlermis  and  |Kric\cle.  but 
also  of  the  pith  and  sonietitnes  of  the  primary  medullary 
rays*.  This  fact  is  particularly  well  shown  in  P.  tniJtufata 
and  /*.  vbtuitfclta.  '\  he  term  *  meii stele,*  thcref-re,  ai  applied 
to  these  vascular  strands,  is  tsjKcially  appropnati .  suu  r  ihey 
really  ini  lude  poiiions  <»f  each  of  tlic  t«»n»lituent  jurts  of  the 
steles  fr«»m  whu  h  thev  arise.  The  lraf-lra<.e  usuallv  takes 
auay  sc\'cral  vascular  bundles  from  the  .slen^-steie,  a!thttu^;h 
they  are  n«»t  alu.ivs  to  l>c  acparattly  ilislin^^ui>hct!  in  the 
merisitelc  itself.  Ihe  end«Hlerinis  «•!  the  ineristele,  whenever 
it  is  clcarlydehned.it  m*>st  iirtainly  c«>ntmui»u^  throughout 
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with  that  of  the  stem-stele  from  which  the  leaf-trace  arose. 
In  P,  Auriaila  and  P*  Palinuri  each  leaf  is  supplied  with 
several  meristeles  which  arise  from  so  many  different  steles 
in  the  stem.  In  other  cases  a  single  meristele  arising  from 
one  of  the  stem-steles  is  given  off  to  each  leaf,  and  this 
meristele  generally  branches  as  it  passes  outwards  so  that 
several  are  to  be  found  in  the  petiole.  The  structure  exhibited 
by  such  petioles  may  therefore  be  fitly  termed  '  meristelic' 
The  median  meristele  is  always  the  largest  and  the  most 
curved,  sometimes  forming  as  much  as  two-thirds  of  a  com- 
plete circle  (P.  obtusifolia).  The  lateral  meristeles  become 
smaller  and  less  curved  as  they  are  the  more  distant  from 
the  median  one. 

Van  Tieghem  describes  the  petioles  of  all  the  species  of 
the  genus  Primula  as  being  astelic  throughout  their  whole 
length  ^ ;  that  is  to  say,  they  contain  either  a  single  meristele 
or  several  separate  and  distinct  ones.  The  only  exceptions 
to  this  statement  that  I  found  were  in  the  petioles  of 
P.  japonica  and  P,  denticulata^  where  certain  structures  are 
invariably  present,  which  in  all  essential  respects  are  entirely 
similar  to  normal  and  perfect  steles.  These  steles  were  found 
in  all  the  specimens  examined  of  both  species,  and  they 
extended  from  a  point  near  its  base  throughout  the  petiole, 
and  often  for  a  long  distance  along  the  midrib  of  the  lamina 
also.  Of  the  several  vascular  strands  in  the  petiole,  only  the 
three  median  ones  form  steles,  the  lateral  strands  being 
meristeles  similar  to  those  described  above. 

These  petiolar  steles  are  circular  in  transverse  section,  and 
consist  of  a  ring  of  phloem  surrounding  a  ring  of  xylem. 
A  considerable  amount  of  parenchyma  is  scattered  among 
the  elements  of  the  xylem,  but  separate  vascular  bundles  are 
not  distinguishable  cither  here  or  in  the  phloem  (Fig.  6 ; 
cf.  Fig.  5).  The  centre  of  the  stele  is  occupied  by  a  sclerotic 
parenchyma,  scattered  among  the  peripheral  cells  of  which 
are  the  elements  of  the  protoxylem,  generally  rather  crushed 

*  Ann.  d.  Sc.  Nat.  Hot.,  7  scr.,  T.  Ill,  p.  294;  and  also  Bull.  I>ot.  Soc.  de 
Fr.,  XXXIII,  p.  95. 
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and  flattened.  The  central  parenchyma  is,  in  the  median 
stele,  generally  marked  off  as  a  distinct  medulla,  but  in  the 
smtiller  steles  it  is  either  scanty  or  absent.  Ik)th  in  P.jafoniea 
and  in  /'.  dcntieulata  the  whole  stele  is  surrounded  by  an 
exceptionally  well-marked  endodcrmis  enclosing  a  collcnchy- 
matous  |KTicycle,  the  latter  consisting  of  about  three  or  four 
layers  towards  the  lower  surface  of  the  leaf,  and  rather  less 
towards  the  upper. 

In  order  to  account  for  the  appearance  of  these  steles  in 
the  petiole,  I  will  now  describe  the  changes  that  the  leaf-trace 
undergoes  during  its  course.  In  these  two  plants  the  leaf- 
trace  invariably  arises  from  one  of  the  steles  in  the  stem 
as  a  single  large  meristele.  It  is  at  first  curved  into  the 
shape  of  a  horseshoe,  open  towards  the  interior  of  the  stem, 
and  is  completely  surroundcxl  by  the  endodermis,  which  is 
folded  round  the  corners  of  the  horseshoe,  following  the 
concavity  of  the  inner  side.  Within  the  endodermis  lies  the 
pericycle.  and  the  concavity  between  the  latter  and  the  xylem 
is  occupied  by  a  few  conjunctive  cells  continuous  with  the 
pith  of  the  stem-stele.  As  the  meristele  |>asses  through 
the  cortex  c)f  the  stem  it  branches  so  as  to  form  several 
strancU,  the  extreme  later.il  branches  remaining  meristelcs 
through<»ut  the  [ulinlc.  .As  the  three  metlian  stran<!s  (to 
whii  h  alon<-  I  n«»w  rcf<T^  arc  folli>we(I  in  their  outward  c*»urse, 
thr  rntl<Hlt'nnis  i^  vcn  to  strai^^hten  out  across  the  gap 
l>ct\vrrn  llu*  arms  of  the  hnrscNh^K*,  ;.;r.v!ually  f.iUing  iesH 
and  Ir^^  iiiit»  its  c«»niavily  (lig.  .',)  At  thr  s^imr  time,  the 
vascular  tissue  at  each  c<nnrr  gradually  extcndN  its*  If  a(r«»sA 
thr  gap  so  as  to  nut  I  that  apprtt.uhtng  fr«»m  the  other  side, 
and  thtiN  to  i-oinplete  the  (iicle,  s<>  that  finally  a  loinpUte 
stele  is  the  nsult.  Afiain.  t«)vvards  the  tip  oi  the  l.iinina  the 
stcU  s  ^;fa«!i:.i!I\  los<'  thnr  internal  hiintlles  in  m\  iiuerse  but 
jicrfeitl)  .inal'»^;"us  niannrr,  bei-'inin^j  iiieristcles  once  mt>rc. 

AIt!i"U.h  1  <!•»  n«'t  ys'\A\  t«i  lav  t'K»  mmh  strrjin  ui>on  the 
•  •  •  ■ 

value  or  nrn^^itv  i-f  a  strict  « «>iitinu  tv  of  tissue^,  vet  it 
should  Im  n  tn!  that  thrNC  steles  aie  cHscntulIv  iliticrent 
frt'in   the   "^in^le  iei;tral    stele   (!cMiilK:il    by  Van  'I  icghem    in 
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the  petioles  of  the  Cucurbitaceae  and  Solanaceae.  In  the  latter, 
as  Strasburger  points  out,  the  tissue  which  Van  Ti^hem 
regards  as  pith  is  really  only  enclosed  cortical  tissue,  and  is 
not  continuous  with  the  pith  of  the  stem  at  alL 

In  spite  of  the  discovery  of  these  polystelic  petioles  in  the 
Primulas,  the  fact  that  the  Gunneras  are  more  deeply  imbued 
with  the  phenomenon  of  polystely  still  holds  good ;  for  they 
possess  polystelic  floral  peduncles  also,  while  those  of  the 
Primulas  are  monostelic.  As  r^[ards  the  possession  of 
polystelic  petioles,  I  was  at*  first  under  the  impression  that 
these  two  genera  stood  alone  amoi^  the  Phanerogams.  But, 
from  an  interesting  paper  recently  published  by  M.  Casimir 
de  CandoUe  ^,  I  gather  that  in  certain  species  of  Alcketmlla 
{A.  vufgaris^  &c.)  the  petioles  contain  structures  precisely 
similar  to  those  described  above,  and  which  I  take  to  be 
steles  also.  This  resemblance  becomes  the  more  remarkable 
on  account  of  the  fact  that  another  feature,  cited  by  M.  de 
Candolle  as  characteristic  of  the  Alchemillas,  is  also  excel- 
lently demonstrated  in  certain  Primulas  {P.  involucrata^  obtusi^ 
folia^  zndjapaHica\  namely,  that  in  these  plants  the  vascular 
system  of  the  axillary  shoot  is  not  directly  connected  with 
one  of  the  stem-steles,  but  with  the  leaf-trace  itself,  joining 
on  to  the  latter  some  distance  before  it  takes  its  place  in 
the  central  ring  of  vascular  tissue  in  the  stem. 

Considering  these  facts  as  a  whole,  it  appears  that  in 
P.  japonica  and  P.  denticulata  a  leaf-trace  is  capable  of 
transforming  itself  into  a  stele  at  any  point  in  its  course 
whenever  it  may  be  advantageous  to  do  so.  Thus,  if  such 
a  leaf-trace  be  followed  throughout  its  downward  course,  at 
first,  in  the  upper  part  of  the  lamina,  it  is  found  to  be 
a  perfectly  collateral  meristele.  Towards  the  base  of  the 
lamina,  or  at  any  rate  throughout  the  petiole,  it  exercises 
the  capability  which  it  possesses  of  producing  internal  bundles 
on  its  upper  side,  and  thereby  converts  itself  into  a  perfect 
stele.    On  arriving  at  the  periphery  of  the  stem  it  again 

>  Ball  de  I'Herbi^  Boisiier,  T.  I,  No.  lo. 
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returns  to  its  collateral  structure,  and  enters  into  the  vascular 
circle  as  a  horseshoc-likc  meristcle.  Later,  passing  down 
the  stem,  the  now  cauline  portion  of  the  leaf-trace  once  more 
de\xlops  internal  bundles,  and  in  connexion  with  the  cauline 
portions  of  other  leaf-traces  with  which  it  has  fused,  it  becomes 
once  more  a  complete  and  perfect  stele.  Finally,  it  divides 
into  two  branches,  which  eventually  fuse  with  the  leaf-traces 
of  the  lower  leaves  as  they  take  their  places  in  the  vascular 
circle. 

Bearing  in  mind  the  manner  in  which  the  leaf-trace  enters 
the  vascular  rinjj  between  two  steles  already  present,  as 
described  for  P,  dcnticulata  and  P,  invotucrata.  and  also  the 
general  course  of  a  leaf-trace  as  followed  out  above,  it  seems 
possible  to  regard  the  whole  vascular  system  of  these  plants 
as  consisting  of  the  cauline  |X)rtions  of  the  leaf-traces.  They 
pass  in.  arrange  themselves  in  a  circle,  and  having  passed 
some  distance  down  the  stem,  divide  into  two  branches,  which 
insert  themselves  on  the  entering  leaf-traces  of  the  lower 
leaves.  The  fact  that  the  leaf-trace  has  become  a  .stele  during 
the  cauline  |)ortion  of  its  course  may  be  regarded  as  incidental 
only.  I*'or  such  an  incident  may,  and  does,  take  place  at 
other  |x»ints  of  its  course  where  no  very  great  im|)()rtance 
can  be  atlachetl  t<>  its  i)ccurrenie.  Moreover,  the  examination 
i.>{  P .  japoniiit  and  /*.  obtusifvlia  has  sh«i\vn  that  whether  the 
trace  become^  a  Mile  or  not,  firu  in  tht'  item  ttsflf.  is  just  as 
much  a  maltrr  of  ch.mcc,  or  rather  of  convenience 

Reganicd  in  this  li^^hl,  the  existence  of  the  imperfect  slrlcs 
in  P.  jafvnicii,  cbtu^ifvlia^  tHwluirata,  and  JtntuuLita  is  easily 
understcKxl.  l**or  the  apixrarance  of  the  internal  bundles  on 
the  inside  (»f  the  Ltuline  |H)rtion  of  the  leaf-tracc  may  cither 
be  more  or  less  dilayol  (/*.  fW;-«'/M<T<f/4f.  /*.  tirntuhlata),  or 
they  may  »«»inrlimes  In*  all«>gether  dis|>cnsed  with  [J\j\i/^'Hua, 
P.  i'btuntilia).  \\\\\\\,  in  llie  two  latter  plants  iheu  prcvmcc 
in  certain  var\  iri^'  regions  of  the  stem,  and  their  absence  in 
others,  i>  aU«)  to  lie  cx|>ci;ted.  for  the  leaf-trace  may  be 
re^ardrd  as  |>"ti-nti.illy  capable  uf  prinlucing  mtcrnal  vascular 
tis.sue   at    any    \yo\vX    through«>ut    its   course.      Their  actual 
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existence  in  any  particular  region  would  thus  depend  upon 
the  physiological  conditions  to  which  that  region  is  exposed. 

In  P,  Auricula  and  P.  Palinuri,  although  the  leaf-trace 
produces  no  internal  vascular  bundles  at  any  point  in  its 
foliar  course,  yet  they  are  invariably  present  in  the  cauline 
portion,  appearing  as  soon  as  the  leaf-trace  turns  downward 
in  the  stem. 

The  Leaves  of  the  Seedling. 

The  leaves  of  the  seedlings  of  these  plants  exhibit,  as 
regards  their  structure,  an  interesting  series  of  gradations 
through  which  the  leaf-traces  become  gradually  less  and  less 
complex  as  the  cotyledons  are  approached.  In  those  species 
in  which  the  petiole  of  the  adult  form  of  leaf  is  polystelic 
{P.japonica^  P.  €knticulata)^  the  first  step  that  takes  place  is 
the  reduction  of  the  steles  to  meristeles  throughout  the  whole 
length  of  the  petiole,  which  takes  place  at  about  the  seventh 
leaf.  Then  the  leaf-trace  ceases  to  give  off  lateral  branches, 
so  that  the  petiole  contains  one  meristele  only.  Finally,  this 
meristele  itself  diminishes  in  size  until  it  appears  simply  as 
a  single  small  collateral  bundle.  In  P,  involiicrata  and 
jP.  Auricula  similar  changes  take  place:  but  since  the  traces 
in  the  adult  form  of  leaf  itself  are  only  meristeles,  the  first 
step  that  takes  place  in  descending  to  the  earlier  leaves  in 
the  former  is  a  reduction  in  the  number  of  branches  given 
off  by  the  median  trace,  and  in  the  latter  a  reduction  of  the 
leaf-traces  given  off  from  the  steles  of  the  stem.  In  P.  Auricula 
the  traces  are  at  first  reduced  to  three,  and  then,  at  the  first 
or  second  leaf  above  the  cotyledons,  the  leaf-trace  in  both 
species  is  represented  by  a  single  small  bundle  only. 

These  gradations  indicate  progressively  the  various  arrange- 
ments employed  by  the  individual  plant  to  provide  the  amount 
of  vascular  tissue  necessary  for  the  steadily  increasing  needs 
of  the  leaves.  And,  as  far  at  least  as  the  later  steps  are 
concerned,  they  probably  represent  phylogenetically  the 
several   devices  by  which   the  ancestors  of  the  plants   en- 
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dcavourcd  to  attain  a  similar  end.  Wc  may  therefore  suppose 
that,  as  a  first  resort,  the  original  vascular  bundle  wzs  enlarged 
to  the  greatest  size  that  such  a  collateral  structure  could 
possibly  attain  com|)atibIe,  at  the  same  time,  with  economy 
of  space.  Thb  |)oint  reached,  it  became  subdivided  into 
several  strands.  Then,  in  P,  japonica  and  P,  denticulata^ 
a  still  further  increase  in  the  amount  of  vascular  tissue  present 
was  obtained  by  the  production  of  bundles  on  the  inner  side 
of  certain  of  the  traces,  thus  converting  them  into  perfect 
steles. 

Transitional  Phenomena  in  the  Seedling. 

The  epicotyledonary  region  of  the  stem  in  these  plants  is 
monostelic,  with  a  narrow  pithless  central  cylinder,  in  which 
no  .<iei>arate  vascular  bundles  can  be  clearly  distinguished. 
The  structure  remains  the  same  also  for  some  little  distance 
up  the  stem,  except  that  the  central  cylinder  increases  slightly 
in  diameter  owing  to  the  «ip|>earance  of  a  few  pith-cells  at 
its  centre.  Two  diflfercnt  ty|)es  of  development  are  to  be 
found  in  the  seedlings  of  /*.  japvnica  which  are  parallel  to 
the  two  ly|K'H  of  .structure  present  in  the  nuture  stem. 
Secdlin^js  exhibiting  tlie  first  type  would  no  doubt  grow  into 
those  mature  pl.mt>  in  whii  h  the  imjKrrfecl  form  of  stele 
is  at  least  ^^reatly  preil  'ininanl.  if  not  exclusively  present. 
In  these  the  itnlfal  tyliniler  of  the  epicoiyl  is  retained  in 
a  |H'ilectly  fiorm.il  condition  until  the  departure  of  the  seventh 
or  c  i^hth  leaf-trace  at  least  ;  in  fact.  S4)  far  as  the  difiTerentia- 
tion  <»t  the  ti.H>u<s  renderN  any  decision  jH>NMble.  Tlu*  first 
three  or  four  lrac<  •»  in  p.iNHin^  out  liave  a  small  gap  ol  two 
or  three  celK  otjly  .  a\\k\  although  the  higher  traces  may  leave 
a  somewhat  \\i<!er  ^  ip.  Mill  the  etuliileitniii  invariab!)  passes 
dircit'.\  .KI'•^^  tlu-  "iH-nin^;.  .md  ii«K's  not  Ixtome  l«»!ded  into 
tlie  inter j«»r  ol  thr  cvimiiir  il*i^;.  ;»  1  Iuin  the  gap  d«K^  not 
really  at!»  1 1  tlw  slel«"  a^  a  uhole.  but  «>nl>  the  rmg  «»f  \as4*ular 
!)un<Ilrs  In  t.iit.  it  i-  or)l\-  an  unustially  lar^je  mcilullary  ray 
uhicli    Imh« lines    filled    up  a^ain   b\'   tlie   more  or    le\s   rapid 
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growth  of  the  vascular  tissues  on  either  side  to  meet  each 
other  across  it  This  type  is  by  far  the  most  prevalent ;  the 
Other,  which  probably  corresponds  to  those  plants  in  the 
i^ature  structure  of  which  the  perfect  stele  predominates,  was 
l^resent  in  two  cases  only  out  of  fourteen  examined. 

In  the  second  type  of  seedling  the  central  cylinder  is,  as 
before,  maintained  intact  until  the  third  or  fourth  leaf,  but 
the  gap  formed  by  the  departure  of  the  fourth  or  fifth  trace 
becomes  an  actual  gap  or  break  in  the  cylinder  itsel£  Thei 
endodermis,  instead  of  passing  straight  across^  falls  in  arouml 
the  margins  of  the  gap,  and  passes  right  round  the  periphoy 
of  the  medulla,  just  within  the  xylems  of  the  vascular  rii^ 
(F^.  8);  so  that  when  this  gap  becomes  closed  up  by  the 
approximation  of  its  mai^^,  the  endodermal  layers  first 
meet  and  fuse  (Fig.  9),  then  the  pericycles,  and  finally  the 
ring  of  vascular  tissue  again  becomes  continuous.  But  now 
that  portion  of  the  endodermis  which  has  been  invaginated 
into  tiie  medulla,  in  consequence  of  the  process  just  desoibed, 
has  become  cut  off*  and  separated  from  the  external  endo^ 
dermis,  and  forms  a  distinct  internal  endodormis,  which  often 
also  extends  into  the  internode  below  the  gap  at  which  it 
was  actually  invaginated  (of.  Fig.  10).  When  the  next  leaf- 
trace  departs,  the  internal  endodermis  is  once  more  put  into 
continuity  with  the  external  endodermis  around  the  comers 
of  the  gap.  Further  up  the  stem  they  become  separate 
again  in  exactly  the  same  way  as  before.  The  seedling  has 
therefore  attained  at  this  point  exactly  the  same  structure 
as  that  termed  (for  the  sake  of  convenience)  imperfect 
gamostely  in  the  mature  plant. 

According  to  Van  Tieghem,  almost  identical  processes  are 
gone  through  in  the  seedling  oi Botrychium  Lunar ia^^  resulting 
in  an  exactly  similar  structure,  which,  however,  he  here  speaks 
of  as  *  gamodesmy,'  If  it  be  held  necessary  to  retain  Van 
Tieghems  terminology  throughout,  I  see  no  alternative  to 
calling  the  imperfect  steles  *  gamodesmic  groups,'  both  in  the 

'  Jonrn.  de  Bot,  Vol.  iv,  No.  23,  p.  405. 
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seedling  and  also  in  the  mature  plant  of  P.japonica  (of.  Van 
Tieghem,  1.  c,  No.  24,  p.  483). 

From  one  point  of  view  the  chief  peculiarities  of  this  type 
of  structure  may  at  the  same  time  be  epitomized  and  explained 
by  considering  that  the  leaf-trace,  when  it  enters  into  the 
circle  of  vascular  tissues,  carries  the  endoderniis  of  its  upper 
surface  straight  in  with  it  through  the  breadth  of  the  vascular 
ring,  where  this  endodcrmis  then  turns  down  at  the  inner 
border  of  the  trace  and  runs  down  the  stem,  spreading  laterally 
at  the  same  time  so  as  to  form  the  internal  endodcrmis  of  the 
vascular  ring  or  stele,  as  the  case  may  be  (Fig.  10). 

In  P,  involucrata  the  epicotyledonary  central  cylinder  is 
maintained  until  the  seventh  leaf,  or  even  higher.  The  first 
two  or  three  leaf-traces,  including  those  of  the  cotyledons, 
produce  a  gap  of  about  two  or  three  cells  wide,  the  higher 
ones  of  about  >ix  cells.  In  the  latter  the  endodcrmis,  in  passing 
over  the  gap.  Ixxomes  slightly  concave;  however, this  infolding 
is  not  deep,  and  the  endodcrmis  soon  straightens  out  again 
as  the  gap  fills  up  (Fig.  n).  When  the  seventh  or  eighth 
leaf-trace  comes  off.  this  infolding  of  the  cndodermts  is  carried 
on  to  a  mu  h  greater  extent,  and  at  the  same  time  the  gap 
remains  o|>cn  for  an  unusually  long  distince ;  so  long,  indeed, 
that  the  next  Uaf-tracc  al)ovc  is  given  off  from  the  op(M)site 
sidr  of  thr  sit  in  hcf»»rc  it  lu'comcs  closed  (Fig.  I2».  Around 
the  n:arj.;inH  «.|'  this  g.i|>  aNo  the  endodcrmis  is  very  deeply 
infoidrd.  >«»  much  so.  in  fact,  that  it  m<rcts  and  furies  with  the 
cndixlrrmis  infolded  from  thr  other  side  through  the  still 
unclosed  gap  <»f  the  seventh  or  eighth  leaf-trace  (Fig.  13K 
Later  on  thry  separate  completely,  thun  dividing  the  vascular 
ting  into  two  separate  ;:roups,  each  ci»mplctely  surrounded  by 
it.H  oun  cnd'xlirtnis  \x\i\  forming  an  imompletc  stele  or  gamo- 
dc^niii  group.  rriH:e<ding  upwards,  these  fu>c  across  the 
earli*  r  \\\y  l<ft  by  the  seventh  or  eighth  leaf-trace,  to  fi>rm 
a  h' TM*Nh,K*.lik;e  i;rt>\ip  uhich  remains  o)»en  ox\  the  op|>oNite 
siile  of  the  stem  (eighth  or  ninth  leaf  gap)  until  the  next 
leaf-tiair  ab<i\c  cotiu  %  otT  (I'ig.  141.  uhich  divides  it  in  an 
cxattl)  Miik:lar  manner  into  t\%o  new  groups,  and  so  on. 
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Sometimes  the  transition  takes  place  in  P,  involucrata 
much  in  the  same  way  as  in  P.japonica^  the  endodermis  at 
the  seventh  or  eighth  leaf-gap  being  completely  invaginated, 
and  cut  off  by  the  closing  of  the  gap.  As  in  P.  faponica^  the 
departure  of  the  next  leaf- trace  establishes  a  horseshoe  of 
vascular  tissue.  But  here  the  gap  between  the  arms  of  the 
horseshoe  remains  open  until  the  departure  of  a  still  higher 
leaf-trace,  which  divides  it  into  two  groups,  and  then  it  pro- 
ceeds as  above  described.  Jn  either  case  the  vascular  groups 
are  at  first  imperfect  steles,  but  after  some  time  they  develop 
internal  vascular  bundles,  and  assume  the  form  found  in  the 
mature  stem. 

In  P.  Auricula  the  fact  that  even  the  earlier  leaves  are 
supplied  with  more  than  one  leaf-trace  from  the  stem  serves 
to  complicate  matters  considerably,  but  the  median  trace  has 
such  a  paramount  influence  on  the  transitional  phenomena 
that  it  alone  is  alluded  to  below. 

The  epicotyledonary  stele  is  maintained  intact  until  the 
fourth  or  fifth  leaf  (cotyledons  included)  is  reached.  Until 
this  point  a  very  small  g^p  only  is  left  by  the  outgoing  traces, 
but  at  the  departure  of  the  fourth  or  fifth  leaf-trace  a  gap  of 
considerable  width  is  formed,  around  the  margins  of  which  the 
endodermis  is  invaginated  into  the  medulla,  just  as  in  P. y^?- 
ponica.  Thus  a  horseshoe  of  vascular  tissue  is  produced 
which  remains  open  on  one  side  until  the  next  leaf-trace  is 
given  off  on  the  opposite  side  of  the  stem,  dividing  it  into  two 
separate  groups,  just  as  in  P,  involucrata.  These  two  groups 
are  almost  always  of  unequal  size,  and  they  appear  to  become 
perfect  steles  even  before  the  next  leaf-trace  comes  off  from 
the  largest  of  the  two.  So  we  see  that  P.  Auricula  becomes 
completely  and  typically  polystelic  at  a  very  early  stage. 
The  lateral  leaf-traces  arise  on  either  side  of  the  median  trace 
from  the  steles  that  have  just  been  formed  by  the  departure 
of  the  latter,  or,  in  the  case  of  the  formation  of  the  horseshoe, 
from  its  corners,  whereby  the  gap  between  its  two  arms 
becomes  much  widened. 

Van  Tieghem  seems  to  have  entirely  overlooked  the  all- 
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important  influence  of  the  leaf-traces  on  the  phenomena  of 
the  transition,  and,  indeed,  on  the  vascular  system  throuj^hout 
the  whole  plant.  On  this  account  he  regards  the  polystely, 
when  present,  as  having  originated  by  the  continued  bifur- 
cation of  the  central  cylinder  found  in  the  lower  part  of  the 
stem.  He  speaks  of  it  as  flattening  itself  out  and  constricting 
itself  in  the  middle  until  it  becomes  nipped  into  two  ^  I  have 
not  seen  anything  that  u'ouKl  lead  to  a  similar  conclusion. 
The  transitional  phenomena  in  the  seedling,  and  also  the 
extreme  variability  in  certain  species,  of  the  most  important 
characteristics  of  polystely,  give  strong  support  to  the  opinion 
that  |)o|ystcly  is  not  a  primitive  feature  of  the  group  of 
Frimulas  in  which  it  is  found,  but  a  comparatively  recent 
modification.  Monostely  is  undoubtedly  to  be  regarded  as 
the  fundamental  type,  and  Van  Tieghem  ap|)ears  to  be  correct 
in  laying  so  much  stress  u|x>n  the  incapacity  of  the  narrow 
epicotylcdonary  stele,  in  the  polystelic  section  of  the  genus,  to 
expand  itself  sufllicicntly  to  satisfy  the  needs  of  the  plant,  an 
inability  which  he  regards  as  the  ultimate  cause  of  their 
polystcly  (I.e..  p.  304). 

Since  the  epicotyledonary  stele  of  the  monostelic  section  of 
the  Trimuhis  has  retained  its  ability  to  ex|)and  with  the 
gn>wth  of  thr  plant,  that  of  the  jv^lystelic  section  must  have 
lost  this  s.ifiH*  p«iwcr,  which  at  one  time  it  also  |x)^scsmxI,  and 
it  must  luivc  done  ^o  at  .1  |>cri«Ml  anterior  t<»  the  first  api>car- 
amr  oi  p.il\strly  in  thr  section.  The  only  way  in  which  this 
c<»iiM  h.ivf  K'inwr  aUuit  is  by  thr  proti>ty|)es  nf  the  {>oly!(telic 
s<-ction  havinj*  bcin  at  <»ne  time  Mibjrctetl  to  very  diflerrnt 
con<!itii»n«»  fr^m  those  of  the  m«>noMclir  scctit»n,  tho^c  con- 
diti'-Hs  lM*in;j  svi«  h  as  wur  unfavourahlr  to  the  pnxluction  of 
iniiih  v.i^'V.l.ir  ti«»Niir.  aful  lhrrrfi»ri*  favourable  to  the  rNlal>- 
lishnu'tit  of  a  vt-iy  n.iriou  lentr.il  lyliiulcr  thrai^hout  the 
plant  N'>\%  a  rriurrrnir  t>«  th«is4*  ct >n(iitioni,  in  whit  h  an 
in«  fciNctt  atn<  unt  oi  vasmUr  tissue  uouK!  I>r  advantageous, 
ciajlii  Im-  nut.  as  rev:ards  the  It af  traces,  by  an  increase  in 
tluii  si/c  or  in  their  iniinber.     Hut  if  suvh  an  increase  actually 
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took  place,  it  would  appear  that  the  epicotyledonary  cylinder, 
having  lost  the  fisiculty  of  adequate  expansion,  and  being  no 
longer  able  to  enclose  these  leaf-traces  within  its  slender 
circumference,  would  have  to  accommodate  them  in  some 
other  manner. 

Now,  we  may  reasonably  r^^ard  the  manner  in  whidi  the 
epicotyledonary  stele  of  the  seedling  becomes  converted  into 
the  mature  structure  of  the  stem  as  a  reminiscence  of  the 
phylogenetic  progress  of  the  race  itself,  though,  of  course,  witil 
the  earlier  incidents  blurred  by  subsequent  adaptation  to  tile 
surroundings.  It  therefore  appears  probable  that  the  narrow 
central  cylinder,  being  unable  to  expand,  became  broken  up, 
in  connexion  with  its  constituent  leaf-traces,  into  so  many 
vascular  arcs,  and  that  these  arranged  themselves  in  a  ring  of 
suitable  diameter  around  the  centre  of  the  stem,  fusing  with 
each  other  laterally  at  intervals,  and  opening  out  again.  In 
&ct,  a  structure  was  produced  similar  to  that  found  in  some 
specimens  of  P.  japamca  and  P.  obtusifoUa  at  the  present 
time. 

Again,  it  is  evident  that  even  sudi  a  ring  as  this  m^ht  at 
lengdi  reach  a  limit  of  expansion,  relative  to  the  size  of  the 
stem,  while  room  could  still  be  found  for  more  vascular  tissue 
on  the  inner  side  of  the  cauline  portions  of  the  leaf-traces, 
thus  converting  them  into  steles,  and  at  the  same  time  without 
breaking  up  the  ring.  The  various  g^mostelic  species  may  be 
cited  as  exhibiting  such  a  structure. 

If,  however,  we  suppose  that  a  continual  increase  in  the 
number  or  size  of  the  leaf-traces  entering  the  stem  necessi- 
tated a  still  further  increase  in  the  amount  of  vascular  tissue 
contained  in  the  latter,  there  appears  to  have  been  no  alterna- 
tive but  to  break  up  the  ring  and  to  scatter  the  steles 
throughout  the  ground  tissue,  as  is  to  be  observed  in  many 
dialystelic  species. 

However  that  may  be,  one  result  appears  clear — that,  in 
the  Primulas,  the  gamostelic  condition  is  more  primitive  and 
nearer  normal  monostely  than  is  the  dialystelic  type,  and  that 
probably  a  gamodesmic  condition  preceded  either. 
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Structurk  ok  tiik  Apex. 

I  found  that  in  the  apical  region  of  these  plants  the  vascular 
system  undcr^«)cs  no  simplification  whatever,  but  presents 
precisely  the  same  arrangement  as  it  does  in  the  fully 
diflferentiated  stem.  Therefore,  if  in  the  fully  differentiated 
regions  there  are  several  steles  arranged  in  a  slightly  inter- 
rupted rinj;.  as  in  P,  jaf^nica  and  /'.  inxH}lHeraU%^  they  will 
also  be  represented  in  the  apex  by  a  similar  ring  of  desmogen- 
strands,  which  may  be  followed  up  as  far  as  any  diflferentiation 
can  be  distinguished  in  the  meristem.  Whether  this  apparent 
pleromc  extends  i>ast  the  youngest  leaf,  into  the  apical  cone 
itself,  is  somewhat  doubtful,  but.  on  the  whole,  the  probability 
is  that  it  docs  so. 

Again,  if  in  the  differentiated  regions  of  the  stem  the 
steles  are  irregularly  scattered  and  widely  sc|)aratcd,  as  in 
/'.  Auricula,  the  desmogen  strands  which  corres|>ond  to  them 
are  also  f«»und  to  be  scattered  in  the  merismatic  regions  of 
the  a^K'x  ,  and  furtlicr,  in  this  case  it  ap|>cars  tolerably  certain 
that  no  plcrt)ine  is  to  l>e  found  in  the  apical  cone  itself. 
Therefore  in  these  plants  the  study  of  the  apical  meristem 
throws  no  light  \\\^<^\\  the  phylogenetic  origin  of  the  various 
t)'}xs  of  striKtiire  .  such  li^hl  can  or»ly  l>e  obtained  from  the 
ont«igrny  of  ilic  \\|-.m!c  j»!aul  .»s  e\hi!»ilril  in  the  development 
of  ihf  ser^ihn^v 

lilt-  most  strikii.^  feature  in  the  api<.al  tegii>n  is  the 
i\tn  iiir  insl^jnifuaiuf  •  !  the  il<vcl«»pnunt  <»f  the  apical  cone 
its<ll  y  iin|i.ir<(!  t«'  that  n!  llu*  ymn^est  leal  prtMtuicd  by  it. 
The  lattrt,  itiiiix  cliatc  !\  afti  i  it>  first  tormatii*n  gri»us  uith 
^fcat  raptdit)'.  c  omiilrti  ly  ovct»had(i\\ing  and  pushing  aside 
the  iinnutr  a]>c\  uhich  oftrn  beionic^  a  mere*  lateral  prtv 
tubrran«  ••  .it  lh«-  ln'C  • -!  tlu*  picvo*  iouh  Naf  t  ••rrrlatid  \*ith 
ihi-'  (arly  and  i\*e«^  \<  »Ir\il  'pincnt  <»l  the  >  oung  leaves,  the 
lia!  tr.it  IS  .dso  pla>  a  predoiniiiant  part  tn  the  tWst  ap|>car- 
AW^^c  «•!  th(  t!(siiH>^;i  ii-stran(!»  \\\  the  meristeni  (»l  the  apical 
rrgi  .|jN   C'«i»ci»al'\   in  /*  /.i/. '//. »i  arul  /*.  i^/ ;*»//<« /.i/«i,  \% here  by 
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far  the  greater  portion  of  the  ring  of  desmogen  is  formed 
by  the  leaf-trace  that  has  latest  entered  it,  a  fact  completely 
in  accordance  with  the  manner  in  which  the  leaf-traces  regu- 
late the  arrangement  of  the  vascular  system  in  the  fully 
differentiated  stem. 

The  greater  part  of  this  paper  was  prepared  at  the  Royal 
Gardens,  Kew,  and  I  desire  particularly  to  express  my 
gratitude  to  Dr.  Scott,  the  Honorary  Keeper  of  the  Jodrell 
Laboratory,  for  the  interest  he  took  in  my  work,  and  to  thank 
him  for  the  valuable  advice  I  received  from  him  at  almost 
every  point  of  the  investigation.  I  have  also  to  thank  the 
Staff  of  the  Gardens  for  the  supply  of  material  which  they 
placed  at  my  disposal. 
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\  p.  peHcycle ;  /.  cilenwl 
;  /.(.  leaf-trace ;  /.  f .  larf- 


lllustrsling  Mr.  Cwynne-VaDghHii's  paper  on  Polvalcly  in  the  Genus  PrimHla. 

Note. —  Figi.  1.  5,  and  6  only  are  to  be  regarded  u  sccnrate  drawing*.  The 
LuertioD  of  the  IcaT-traces  and  adventitioos  rooti,  and  also  ihe  preicnce  of  the 
radicifeiODs  network,  canse  so  much  confusion  among  the  vascular  elements  that 
I  was  obliged,  foi  the  sake  of  cleame&i,  to  make  the  other  llgurei  wniewhat 
diagiammatic  although  in  every  OK  I  follow  the  actual  lections  as  closely 
ai  possible. 

Abbreviations :  i».  medulla  ;  .r.  xylem ;  ph.  phloe 
endodennis;  i.  iutemal  endodermji;  c.  cortical  tissue  i  i 
gap ;  f.  a  itcle  of  the  item. 

Fig.  I .  Primula  japoHua ;  ponion  of  Iraniveree  sectic 
r.  the  elements  of  the  rodiciferoui  oetwork ;  txt.  b.  < 
internal  bandies  are  completely  sbicnl,      x  130. 

Figi.  a,  3,  4.  Primula  irmlucrala ;  portion  of  transveiie  lectioD  of  the  item, 
showing  a  leaf-trace  enteiiug  between  two  perfect  slem*steles.  x^o.  In  Fig.  j 
the  leaf-trace  i*  seen  approaching  the  steles ;  in  Fig.  3  it  has  become  fused  with 
both  of  them.  Fig.  4  ibows  the  imperfect  stele  thas  produced,  which  hw  no 
Internal  bandies  in  its  median  region. 

Fig.  5.  Primula  deuticuiala ;  transvene  section  of  the  median  leaf-trace  in  the 
petiole.  The  stele  is  not  yet  perfect,  but  the  vascular  ring  is  open  towards 
Ike  upper  surface.     X90. 
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Fig.  6.  Primula  Ja/^nita  ;  tranitrcr^c  Kvtir»n  of  the  inc«lian  lenf-tnice  in  the 
|«tioIc.  'Ihc  itclc  i«  here  quite  }er feet,  having;  |>«&k^  through  a  lUi^  timiUr 
to  Kt(;.  5  li-wcr  <!own  in  the  |>rtio1e.      X90. 

hilj.  7.  /Vimu/a  ja,\*mi*a;  tran4\Tne  «ection  of  central  c>llnf{er  of  a  tec<lUn|;. 
The  leaf -trace  de|«rt«  in  a  normal  manner,  leaving  the  Mcle  tntact.      x  100. 

h  i^.  8  ai.d  </.  /Vimttli  imvcIufrtUtt ;  tran»vcne  tectums  of  central  cylinder  of 
a  leetlliiig.  The  leaf  trace  depart*  in  kuch  a  manner  at  to  leave  an  internal 
enfUHicmiik  r.jaf^nua  aI»o  make*  u>e  of  thi«  method  of  transition.)  Fig.  ft, 
the  endoilrrmis  is  in«agii.ated  through  the  leaf-pip.  x  7a  Fig.  9,  the  leaf-gap 
Uc«  me^  vlo^il  u)  »uch  a  manner  as  to  include  a|K»riion  of  the  eododermis  which 
l«c«iir.r«  ii.tcrn.il.       -^  iro. 

^  1^'.  10  I*ftmuU  )^\pcnua\  dia(;rammatic  longitudinal  leition  through  the  central 
olinder  of  a  Kccdling.  The  riido(!iniii»  (•a!i<«i  into  the  interior  of  the  stele 
thrf>ugh  tl>e  lraf-};ap^  The  dark  re^^ions  indicate  z)lcm;  the  light,  phloem;  and 
the  liuttcd  linr,  co<it*i!erniiv 

Fi^.  11.  /Vimula  imxw'mram  \  tran^^xne  vection  of  the  central  cylinder  of 
a  »cr«ihng  after  the  departure  ai  one  of  the  earl:er  leaf* traces.  The  stele  is  fttiU 
intact       X 100. 

hig^.  1 J  14.  lf.in«\etv-  vction^  of  the  san.e.  showing  how  the  stele  eventually 
l«Ci>n)e%  hrokeii  \  p.  /.  /.'  the  eighth  leaf*tia«.e  :  /  /.'  the  ninth  leaf-trace  ;  /  ^.'  the 
^vetith  leaf-gap  ;  /.  v'  tl'C  eigl.ih  Ieaf*g.ip.  hig.  ij  shows  the  invagination  of  the 
endotlermii  through  the  %i  vcnth  lei!  gap.  k  100.  l-lg  13  shows  that  the  seventh 
leaf-gap  u  still  i')<n,  fihde  the  eighth  leaf  gap  is  almost  free;  iti  final  departure 
Will  l*real  up  the  tule  int«i  t^n  {xutitms.  >  70.  F'lg  14,  the  two  poiti'ih*  arc 
fu«cd  a«.ru»»  the  seventh  leaf.gap  the  ughth  leaf  gap  is  slill  o|icn,  and  the  ninth 
leaf -trace  i»  al«out  u*  |«s*  i<ff.      >  vo. 
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On  two  new  instances  of  Spinous  Roots. 

BY 

D.  H.  SCOTT,  M.A.,  Ph.D^  F.R.S. 

iimmrmwy  Kitftr  §ftk«Jtdrtti  Ldhimimp^  Rtfmi  Aif^rfnw,  Kim, 

With  PUtM  XV  and  XVL 

COMPARATIVELY  few  iiutances  of  spinous  roots 
appear  to  have  been  recorded  hitherto.  Among  the 
better  known  cases  of  the  kind  are  certain  Palms,  such  as 
the  species  of  /riartea  and  AeoHtkarkiMo^  in  which  the  rootlets 
of  the  aerial  roots  are  modified  to  form  spines;  and  the 
Leguminous  genus  Dtrris^  in  which  the  adventitious  roots 
themselves  are  said  to  become  spinous^  and  to  help  in  attadi- 
ing  the  climbing  stem  to  its  support. 

The  object  of  the  present  brief  communication  is  to  place 
on  record  two  remarkable,  and  as  I  believe  novel,  instances 
of  spinous  roots,  which,  curiously  enou(;h,  have  almost  simul- 
taneously come  uniler  c»bscr\'ation  at  Kcw,  within  the  last 
few  months. 

Koth  the  plants  in  quotion  arc  MoniKotylcdons,  but  they 
belong  to  distinct  Natural  Orders,  and  arc  totally  diflfercnt 
in  habit,  the  (»nc  Inriny  a  I^iosiorra  and  the  other  a  Moraem. 

I.    l)l«>s(nki:A   I*KF.IIKNSIMS,   llcnth. 

Thr  Ihi^uo9f%t  was  raiscil  from  scctl  collected  by  Mr.  Scott- 

Mliot    111   Sirrra  Leone,  and  presented  to  Kew  in  January, 

iKi;:.     The  pLiiit  flowered  in  September,  iKy4,  and  was  then 

detrrininet!    as   the   IhoKorta  frtkrmstiis  of  Hcnthani.     The 

( AaMte  •!  mmikmmf.  V«l.  SI.  »•.  XUL  J«M.  iSar) 
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peculiarity  of  the  roots  was  first  noticed  in  February  of  the 
present  year.  The  plant  was  at  that  time  at  rest,  the  leafy 
stems  having  withered.  When  dug  up.  it  was  found  to  have 
formed  an  irregular,  lobed  tuber  about  a  foot  long,  which  was 
enclosed  in  a  sort  of  cage  of  hard,  interlacing,  spine-bearing 
roots,  springing  from  the  upper  part  of  the  tuber,  the  whole 
mass  being  about  two  feet  in  diameter  (see  Plate  XV).  At 
that  time  the  normal  nutritive  roots,  bearing  ordinary  rootlets, 
appeared  to  be  produced  only  from  the  base  of  the  stem, 
immediately  above  its  attachment  to  the  tuber. 

It  is  important  to  notice  that  the  whole  system  of  spinous 
roots  was  produced  entirely  underground,  so  that  their 
existence  was  not  revealed  until  the  soil  was  removed.  That 
they  form  a  most  efficient  means  of  protection  to  the  parts 
which  they  enclose  is  evident  from  the  photograph,  and  is 
still  more  vividly  realized  by  any  one  who  has  attempted 
to  handle  the  rigid  and  bristling  mass.  We  may  reasonably 
suppose  that  the  thorny  hedge  of  roots  serves  to  guard  the 
tuber — the  great  food-store  of  the  plant — from  the  attacks 
of  burrowing  or  digging  animals. 

The  spinous  roots  attain  a  diameter  of  about  a  quarter  of 
an  inch.  They  have  an  irregular  curved  course,  usually 
starting  from  the  tuber  in  an  upward  direction,  and  then 
bending  down.  In  the  mature  condition  they  are  very  hard 
and  woody,  and  consist  entirely  of  the  vascular  cylinder  or 
stele,  the  whole  cortex  beyond  the  endodermis  having 
withered,  and  only  hanging  on  the  roots  in  shreds.  The 
spines,  which  are  inserted  at  irregular  intervals,  averaging  an 
inch  or  less,  reach  a  length  of  about  three-quarters  of  an  inch. 
They  are  sometimes  solitary,  in  other  cases  two  or  three  are 
inserted  together  at  the  same  level,  and  on  the  same  side 
of  the  root.  It  occasionally  happens  that  two  adjacent  spines 
are  coherent,  having  a  common  base,  which  may  much  exceed 
the  free  points  in  length.  The  spines  themselves  are  ex- 
ceedii^ly  hard,  and  usually  very  sharp. 

The  study  of  the  anatomy  shows  plainly  that  the  spine- 
bearing  oi^ans  are  actually   roots,  in  which  the  vascular 
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tissues  arc  reduced  as  com|>ared  u-ith  the  lignified  pro- 
senchyma.  The  spines  themselves  are  shown  by  their 
•tructurc  to  be  rootlets,  though  highly  modified.  In  them, 
ai  in  the  roots  which  bear  them,  the  hardy  woody  portion 
is  entirely  stele,  limited  on  the  outside  by  the  endodermis. 
The  dr>'  and  withered  cortex  often  forms  a  membranous 
cnveloj)e  around  the  lower  part  of  the  spine. 

Histological  details  are  reserved  for  a  future  communica- 
tion, which  must  await  the  opportunity  for  a  study  of  the 
development.  The  spinous  roots  at  present  on  the  plant  are 
not  only  mature,  but  to  all  appearance  dead,  serving  no  othet 
than  a  purely  defensive  function. 

The  normal  roots  have  the  structure  usual  among  Mono- 
cotyledons ;  it  is  of  interest,  however,  to  note  that,  when  old, 
the  r(M>tlcts  die  ofT,  leaving  behind  a  somewhat  spiny  base, 
so  that  there  is  here  a  certain  approach  to  the  peculiar 
character  of  the  s|>ecial  protective  organs. 

The  plant  has  now  In-cn  transferred  to  a  hot,  moist  house, 
where  it  has  rapidly  formed  a  new  twining  stem,  already 
nearly  thirty  feet  in  length  and  half  an  inch  thick.  The 
stem,  which  for  some  time  remained  unbranched,  is  clothed 
with  strong,  broad-lused  prickles,  which  bear  a  marked  su|M!r- 
fici.d  resenibl.incr  to  the  spines  on  the  roots.  Anatomical 
cxarnin.ition  howcMr.  shows  that  the  prickles  contain  no 
vascular  eltuu nt^  s«.  that  ihey  are  no  doubt  merely  out- 
gr«>\\ths  from  the  exlrrn.il  tissues 

At  intervals  avrra^;ing  al>out  f«»urte<*n  inches,  the  stem 
l>ears  thick.  ^Meen  cuspidate  scale-leaves,  two  inches  lt>ng, 
which  are  alternate  near  the  Uise  t>f  the  stem  but  elsev^hcrc 
are  insertid  \\\  pairs.  1  hcj^c  curious  oigans,  uhich  are  5fcr?i5ile. 
with  .1  broac!  base,  Near  tm  rescmManic  to  the  normal  foliage 
of  the  plant  1  hi  y  prol>;il)ly  reprcsc  nt  the  intHlitu'd  and 
cnlar^Mnl  Ir.i!  Uim's  The  stern  is  ni»w  t  April  ^7^  priKlucing 
braiuho  If 'in  th«-  axiU  «>(  the  si  ale-leaves,  but  at  present 
the  brai^cht  s.  !:ki  the  main  stem.  lK*ar  s«.ale-Ieaves  «)nly.  and 
have  as  wt  tt*rin(«l  n«>  riorrnal  fultageV 


3jO     Scott. — On  two  new  mstances  of  Spinous  Roots. 

Numerous  fleshy  normal  roots  are  growing  vigorously  from 
the  base  of  tlic  stem,  and  a  few  from  the  tuber  itself.  So 
far,  however,  there  is  no  sign  of  any  increase  in  the  tuber, 
nor  have  any  new  spine-bearing  roots  as  yet  made  their 
appearance. 

The  existence  of  spinous  roots  is  not  altogether  unknown 
in  the  genus  Dioscorea;  D.  spinosa,  Roxb.,  is  described  in 
Hooker's  Flora  of  British  India  (vol.  vi,  p.  291)  as  having 
'  long  woody  rigid  fibres,  bearing  spines  half  an  inch  long.' 
Roxburgh  himself,  in  describing  the  same  species  (under  the 
name  of  D.  aculeala),  uses  these  words:  'tubers  oblong, 
pendulous,  the  fibres  of  the  proper  roots  become  spinous '.' 
It  would  appear,  then,  that  this  Indian  species  is  similar, 
as  regards  the  character  in  question,  to  the  West  African 
D.  preltetisilis.  It  is  not  improbable  that  other  instances 
may  be  brought  to  light  within  the  genus  Dioscorea,  which 
appears  to  offer  considerable  scope  for  further  morphological 
investigation, 

I.  MORAEA,  sp. 

Root-clusters  of  this  Iridaceous  plant  were  sent  to  Kew.  in 
December,  iHg6,  by  Mr.  J.  W.  Mathews,  of  the  Municipal 
Gardens,  Cape  Town,  who  found  it  growing  wild  in  the 
neighbourhood  of  Cape  Town.  The  stem  has  an  enlarged 
base,  perhaps  representing  the  original  corm  ;  above  the  base 
it  becomes  cylindrical,  and  is  hard  and  woody  throughout. 
The  spinous  roots,  which  are  stiff  and  wiry,  spring  from  the 
swollen  base  of  the  stem  on  all  sides,  radiating  out  in  every 
direction,  and  curving  and  interlacing,  so  as  to  form  a  dense 
network,  which  bristles  with  spines,  and  suggests  a  vegetable 
hedgeh<^  more  than  anything  else. 

The  whole  mass  is  from  two  to  three  inches  in  diameter, 
and  is  not  unlike  the  root-cluster  of  the  Dioscorea  on  a  small 
scale  (see  Plate  XVI).  The  ordinary  roots  arise  chiefly  from 
the  under  surface  of  the'  enlarged  base  of  the  stem. 

Histological  investigation  shows  that  the  spinous  roots  are 
'  Roxburgh,  Mora  lodica,  iil,  p.  Soo. 


Scoit. — On  Ixvo  NtTi'  tHsfafues  of  S/^inous  Roois.     ^u 

practically  identical  in  structure  with  the  normal  absorptive 
roots.  In  both  alike,  the  mature  root  consists  chiefly  of  the 
vascular  cylinder,  on  which  the  dead  cortex  hangs  loosely ; 
in  both  the  endodermis  is  greatly  thickened,  and  the  con- 
junctive tissues  of  the  stele  much  lignified.  The  only 
difl"crencc  of  im|>ortance  is  that  the  more  internal  vessels 
of  the  spinous  roots  are  smaller  than  those  of  the  normal 
organs. 

The  spines  themselves,  which  are  often  branched,  are  mani- 
festly rootlets,  having  essentially  the  same  structure  as  the 
roots  which  bear  them,  except  that  in  the  spines  the  vessels 
are  still  further  reduced. 

Numerous  small  corms.  varying  in  size  from  that  of 
mustard-seed  to  that  of  a  hazel-nut.  bud  out  from  the  basal 
part  of  the  main  stem,  among  the  spinous  rc^>ts,  which 
perhaps  ser\'e  more  esjurcially  for  their  protection.  The 
coims  easily  Ixrcome  detached,  and  afl'ord  an  abundant  means 
of  propagation.  Young  plants  are  now  being  raised  at  Kew 
from  s<»me  nf  these  corms,  so  it  may  be  ho|)ed  that  the  wh<»Ie 
develfpnicnt  of  the  plant,  c>i>ecially  that  of  its  remarkable 
ri>ot- system,  may  Ik:  followed  as  time  goes  i»n. 

The  fact  that  earth  is  prcs<»nl  among  the  ro<»ts,  in  all  part> 
of  the  (lustiT.  no  doubt  indicates  that  the  whole  mass  was 
developrd  in  tlie  »««»il.  It  wouUI  be  intcnsting  t«»  ascertain 
whtther  in  n.ituii  it  ever  Ih*i>iiiu-»  loosened  Ironi  itsatt.iih- 
rnc  nt  t«>  thr  ^rimnd.  and  carried  .iw.iy  by  winil.  Iikr  a  '  Kt>M- 
of  Jciicho*  It  IN  |>««'H»'il>!c  that  the  iiitm<»,  whuh  separate  m> 
rcaditv  frt-ni  the-  ^t(  in.  ina\'  l>e  distributed  in  this  u.iv. 

I  atn  iii(!(  lit*  (!  t«>  thr  St.iti  «>f  the  1\<  yal  liardrns,  Kru, 
and  <s{K(i.i!!)  to  Mi.  W  Watson  .\s%i.staiit  (  urat'-r  ttr  rnmh 
inii'f  inat:(>fi  i  •  mu  crnii'^;  thcM*  plants.  I  hr  pn-scnt  preliminary 
<  onHniifih  at:<*n  is  <»n!\  intrndc-d  to  rc(<>rd  the  main  fa«.ts  .is 
t"  till-  1  uti'iiH  .i!'.(i  r\i-r|*ti"iial  tortus  ••!  ri**<t  illiistratcil  in  the 
ph«'t"^rapl  It    p!  itrs 

\Vh«  n  •j.j*  itiiriily  .iriM-N  I  Ih«|k"  !••  rutcr  "n  a  lull  invisti- 
gat-  n   •!    \\v   «!<  \r!' 'I'liu  nt    and   hjsio!o^j\    of    the   or^an*   in 

tjll*   ^\  lOM 
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EXPLANATION  OF  PLATES  XV  AND  XVL 

Illuilrating  Dr.  Scolt's  paper  nn  Spinous  Roolii 

PLATE  XV. 
Diesterta  pnktHsilis ,  Bcnlfa.     Tuber,  wilh  mau  of  Epinmi*  n>ou  tpringing 
from  and  eucJoiing  it.     The  normal  cooti  >re  those  arising  from  the  but  of  the 
Sen.    Abuul  ODe*ri!th  of  naturil  size- 


PL  ATE  XVI. 
Mcnta,  ip.     Bueof  stem,  with  clBsten  of  spinous  roali^. 
Fig.  1.   Seen  in  lection  :  on  the  left  a  corm  is  well  ■hown. 
Fig.  1.   In  mrface  view ;  almost  natural  liic. 
Both  from  photogiapbi  by  Me.isix.  Cuna  ami  SidbtI. 


-.CllTI      UN    SPIHOU"*    BOOT- 
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NOTES. 


FUNGI  FOR  CniiABS-DBMONSTBATION.— The  following 
may  possibly  be  useful  to  others  who,  like  myself,  are  concerned  in 
the  preparation  of  class-material. 

Buni, — To  obtain  material  for  Tilletia^  I  break  up  three  or  more 
bunted  grains  of  Wheat  in  water  in  a  small  evaporating  dish  ;  weigh 
or  count  out  the  seed-wheat  required  and  add  it  to  the  water  (the 
amount  of  which  depends  on  the  quantity  of  seed  used) ;  stir 
thoroughly  and  carefully,  and  allow  to  dry,  stirring  frequently  as 
drying  proceeds,  so  as  to  get  the  spores  well  distributed  instead  of 
allowing  them  to  settle  where  the  film  of  water  over  the  grain  is 
in  contact  with  the  dish  or  with  other  grains.  I  usually  do  this  in  the 
afternoon,  so  that  the  grain  is  dry  enough  for  sowing  on  the  following 
morning. 

The  effect  of  a  copper-sulphate  dressing  is  easily  shown  by  taking 
part  of  the  Wheat  thus  contaminated  and  dressing  it  with  copper- 
sulphate  in  the  proportion  used  by  farmers,  and  sowing  it  when  dry 
in  a  row  next  my  control  row.  In  the  past  three  years  I  have  found 
no  instance  of  the  failure  of  the  copper-sulphate  dressing  to  prevent 
Bunt  in  Wheat.  I  keep  my  stock,  for  class-work  on  the  spore- 
germination,  in  covered  glass  jars. 

Smut, — The  method  adopted  for  Bunt  was  a  failure  as  regards  Smut. 
Nor  did  I  obtain  very  great  success  by  soaking  and  opening  the  seed- 
grain  and  actually  placing  the  spores  on  the  embryo.  The  plan  I  now 
follow  is  to  soak  Barley  in  water  for  about  twenty-four  hours :  I  then 
remove  the  chaff  and  stir  up  the  naked  kernels  in  a  small  amount  of 
water,  in  which  I  have  broken  up  several  grains  of  smuited  Barley ; 
allow  to  dry,  and  sow  when  dry.     My  Barley  tillers  well,  so  to  obtain 
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maleria!  for  ihe  early  stages  of  spore- formal  ion,  I  pull  up  a  plant  on 
which  one  ear  or  more  is  smutted,  and  dissect  out  the  ears  of  the 
eight  or  ten  or  more  shoots  that  so  far  have  no  ears  visible  externally. 
Once  I  found  a  plant  with  two  ears  smutted  and  six  or  eight  sound, 
but  this  was  the  only  time  that  all  the  ears  on  a  plant  were  not  equally 
affecied ;  and  once  I  found  an  ear  with  the  three  lowest  kernels  alone 
smutted  while  all  those  above  were  normal.  To  keep  up  my  stock  of 
spores  for  germination  in  class-work,  1  gather  the  smutted  ears  before 
Ihe  spores  are  shed,  and  keep  them  in  small  tin  tobacco-boxes.  On 
one  occasion  a  small  beetle  got  shut  up  loo,  and  was  imprisoned  for 
a  week  or  two  before  I  found  and  released  it.  I  noticed  many  spores 
adhering  in  short  threads,  really  the  excreta  of  the  said  insect.  I  tried 
the  germination  of  the  excretal  and  normal  spores  in  a  culture-cell 
(made  by  fastening  a  glass  ring  to  a  slide  and  growing  the  spores  in 
a  hanging  drop  of  water  on  the  cover-slip  inverted  on  the  ring),  and 
found  the  former  to  germinate  in  about  half  the  time  required  for  the 
latter.  For  this  summer's  material  I  smutted  some  fiarley  with  spores 
taken  from  Barley  (Row  5  of  my  plot  at  the  Botanic  Garden),  some 
with  spores  from  Oats  (Row  7),  and  some  with  spores  from  Wheat 
(which,  however,  gave  no  result).  Omitting  details,  I  may  say  that 
I  found  70-80  %  only  of  the  grain  grew,  and  I  gathered  eighty 
smutted  ears  from  Row  g  and  forty-six  from  Row  7,  amounting  to 
37  %  and  3 1  %  respectively  of  the  total  number  of  ears  produced. 

Phylophthora  infislatu. — As  Potatoes  are  not  to  be  absolutely 
depended  upon,  and  as  growing  and  infecting  successive  sets  of 
potato-tops  under  bell-jars  involves  much  space  and  time,  I  have  for 
the  past  three  years  used  Solatium  lacinidlum  as  class- mate  rial.  I  can 
rely  on  finding  Phyiophlhora  infatam  upon  it  and  in  good  condition, 
and  its  petioles  and  midribs  furnish  material  much  superior  to  potato- 
leaves.  I  prefer  to  gather  all  my  Phytophlhora  material  before  the 
dew  is  off,  and  I  keep  it  in  a  vasculum  until  my  class  at  ii.o,  when 
I  use  it  fresh. 

W.  G.  P.  ELLIS. 

Botanical  Laboratorv,  Cahbridgc 

THE  FUKCmONB .  OF  IiATEX.— Although  several  allempls 
have  been  made  to  ascertain  the  functions  of  latex  in  plants, 
they  have  not  led  to  any  very  conclusive  information  respecting  it. 
Accordingly,  at  the  suggestion  of  Prof.  Marshall  Ward,  I  undertook  an 
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examination  of  the  subject  from  several  points  of  view.  My  apology 
for  bringing  forward  the  results  in  so  incomplete  a  slate  is  that,  at 
present,  I  have  not  the  time  at  my  disposal  to  complete  it,  owing  to 
my  departure  for  the  tropics,  and  that  it  may  possibly  prove  sugges- 
tive enough  to  excite  interest  in  the  problem  and  so  help  in  its 
solution. 

The  work  of  Schullerus  *,  Treub',  and  Faivre'  is  too  well  known 
to  need  description,  as  is  also  Schimper*s  ^  criticism  of  it. 

Haberlandt's  work  ^  is  disputed,  but  as  he  still  maintains  his  original 
views  in  the  last  edition  of  his  Physiologische  Pflanzenanatomie, 
I  have  thought  it  worth  while  to  repeat  it. 

In  leaves  in  which  the  palisade-tissue  is  loosely  packed,  as  in 
Euphorbia  mellifera  and  Euphorbia  punicea^  frequent  examples  of  the 
palisade-cells  converging  to  the  blind  apex  of  a  laticiferous  cell,  or 
a  cell  in  direct  connexion  with  it,  can  be  met  with. 

In  Euphorbia  spinosay  where  the  palisade-layer  is  double,  the 
branches  of  the  laticiferous  tubes  run  between  the  two  layers  and  send 
out  terminal  branches  into  the  upper  layer  of  palisade-cells,  thus 
forming  a  kind  of  brush-work.  The  blind  endings  are  usually  on  the 
upper  surface  of  the  palisade-cells. 

These  terminations  may  be  traced  by  mounting  the  sections  in 
phenyl-hydrazine,  the  high  refractive  power  of  which  renders  it  a  very 
useful  clearing  agent.  At  the  same  time  a  marked  staining  action 
occurs  in  the  palisade-cells  and  in  the  cells  in  which  Fry*  has 
described  *proteid  aggregates,'  which  may  be  worth  further  in- 
vestigation. 

In  laticiferous  plants  whose  assimilation  is  carried  on  by  the  stem 
owing  to  partial  or  complete  reduction  of  the  leaf-surface,  the 
assimilating  cells  form  a  compact  layer  several  cells  in  thickness, 
c.  g.  Euphorbia  arborescens  and  coerulescens.  The  laticiferous  cells 
pass  directly  through  this  layer  and  end,  for  the  most  part,  on  the 
upper  surface  of  the  outermost  layer  of  assimilating  cells. 

Taking  all  observed  cases  into  consideration,  I  think  we  may  safely 

*  Schnllerus,  Abhandl.  d.  bot.  Vereins  d.  Prov.  Brandenb.,  1882. 

•  Trcub,  Anns,  du  Jardin  Bot.  de  Buitenzerg,  vol,  iii,  p.  37. 

•  Faivre,  Ann.  des  Sci.  Nat.,  s<Jr.  5,  t.  x.  p.  33.    C.  R.  t  Ixxxviii.  p.  269,  etc. 

•  Schimper,  Bot.  Zcit..  1885,  p.  771  ct  seq. 

*  Haberlandt,  Sitzb.  d.  k.  Akad.  Wien,  18S3,  p.  51. 

*  Fry,  Annals  of  Botany,  Vol.  v,  p.  413. 
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!iay  that  the  bhnd  endings  of  the  laiicirerous  system  are  genera 
connected  with  the  palisade- eel  Is. 

ir  it  in  improbable  thai  a  plant  would  build  up  so  elaborate  a  syitera 
for  the  storage  of  waste  products,  ii  is  possible  that  this  method  of 
terminating  among  cells  in  which  assimilation  is  carried  on  nozy 
point  to  a  storage  or  means  of  transit  of  reserve  products. 

This  is  further  borne  out  by  the  extremely  early  appearance  of  the 
system  in  the  leaf.  A  longitudinal  section  through  a  stem-apex  of 
Euphorbia  pulcherrima,  for  example,  shows,  in  leaves  just  beginning 
to  unfold,  a  well- developed  system  with  its  earliest  branches  extending 
to  the  palisade- layer. 

Again,  if  latex  is  simply  waste  material,  old  leaves  should  contain 
large  quantities  of  it,  but  this  is  by  no  means  the  case. 

If  young  leaves  and  old  leaves  arc  lightly  punctured,  the  young 
leaves  exude  far  more  latex  than  the  old  ones,  and  the  same  ia  tnw 
for  young  and  old  shoots. 

Micto-chemical  tests  give  the  same  results,  if  starch  is  present  in 
the  latex,  a  section  of  a  young  leaf  shows  the  tubes  well  stored  with  k  ; 
while  in  an  old  or  a  fallen  leaf  it  is  difficult  to  find  a  trace,  even  if  the 
iodine-method  of  staining  is  used.  The  starch  has  evidently  been 
handed  on  from  the  laticifetous  system  to  other  pans  of  the  plant. 

Testing  for  proleids  with  Millons'  reagent,  or  by  the  xanthoproteic 
reaction,  give«  completely  parallel  results.  Fiats  Cariea  is  a  possible 
exception,  for  here  one  occasionally  finds  granular  masses  in  the  tubes 
which  give  proleid  reactions. 

Though  caoutchouc  may  be  met  with  in  fallen  leaves,  yet,  from 
what  is  known  of  its  chemistry,  it  is  hardly  likely  that  this  substance 
has  any  nutrient  value  in  the  plant ;  but  there  is  a  possibility  that,  aa 
do  many  other  lerpenes,  it  may  absorb  oxygen  as  ozone.  When  the 
endings  of  the  tubes,  and  Schunck  and  Brebner's'  demonslration  of 
tbepresenceofozonein  the  palisade-layer,  are  taken  into  consideration, 
this  view  becomes  more  tenable.  Direct  proof  of  this  has  not  been 
obtained,  though  testing  latex  wilh  Wurslcr's  papers  and  with  mercury 
points  to  the  presence  of  minute  quantities  of  free  ozone.  I  hope  lo 
obtain  evidence  upon  this  point,  among  others,  while  examining  the 
india-rubber  industry  in  East  Africa. 

To  determine  whether  any  physiological  connexion  exists  between 

'  Schnnck  and  Brebner,  Aanali  of  Botany,  Vol.  vi,  p.  ifiy. 
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the  latkrifcrous  system  and  the  assimilating  tissues,  chemical  methods 
had  to  \it  applied. 

So  far  the  chemical  side  of  the  question  apftean^  to  have  been  badly 
neglocteil.  although  it  was  attacked  so  long  a^o  by  v.  MoliP.  We 
may  pass  over  the  few  analytics  made  of  latex  yielding  economic 
prcxiucts,  and  briifly  notice  that  Weiss  and  Wiesner '  have  shown  the 
presence  of  sugars  in  latex,  and  that  (ireen  *  has  examined  its 
proceids. 

As  the  sugars  are  so  intimately  connecteil  with  assimilation,  it  was 
decided  to  rstimate  them  in  latc-x  dramn  from  plants  under  varying 
conditions  \iith  regard  to  their  (.a|>ability  (or  as>imilation. 

The  metho<i  employed  m-as  to  take  a  known  quantity  of  btex  and 
remove  the  proteids  by  precipitation  with  excess  of  alcohol.  After 
standing  for  a  day.  the  solution  was  fihcred  off  and  eva|K>rated  to 
dryness  o%-er  a  water* lath.  'I'he  sugars  wen*  then  extractetl  from  the 
resinous  nias^  \%iih  %^arm  water  ami  estimated  with  Fehling's  solution. 
'ri>e  precipitate  was  weighetl  as  CuC).  With  ordinary  care  this  method 
givc*i  very  constant  results.  %^lii(.h  is  a  |K»int  of  C(»nsi derate  value 
uhrn  uorkitig  uiih  <^mall  quantities  of  latex.  WIhtc  tannin*  are 
|»reM*nt  tli<y  should  U-  extracteil  \%ith  hide  |)omilcr  or  ethyl  acetate; 
tiUt  as  the  prcMcHS  leads  to  a  certain  am<»unt  of  Iom^  it  is  as  mell  to  use 
latrx  fre<*  from  iIkhi  wln-n  j«>sMl»|e. 

W'v  will  first  rxanni  r  the  rrsuhs  otKained  «hcn  a^simdation  is 
ihftkrd  by  ilarkeiiiiik'  the  p'antn.  Four  plants  of  Kmf^korha 
pu!.  htff im,i  vkrr«-  p!.i<<<l  iii  a  dark  nNim.  and  aiutther  vrt  were  kept 
ill  \  i.r(riih«»UM*  at  x  "^uNtr' 'p.i  a!  trinjx-fatur*- 

'ni«-  ui) '.irki-nril  pl.itit^  sh<i\%(d  thr  pri-sitiir  ff  «>ugarft  equivalent 
tt»  o.*  I  ^'fiiis  Tun  |i«r  I  <  Aftf  r  U-in,^'  daikrm  1  !i>r  a  tlj>  the 
anK'Uti:  «>!  suk'ar  t'<  11  :<>  oo;  k:rtii^.  ('t>M|irr  <  i..anil  at.<  r  atitither  <tay 
rxi  ;r.i<«*  ii>ull  W  l>  un  t  t.uffufita  a*i.f*\stni  K'a^e  tlie  ^xxnc 
results. 

|i)  -/111/  ^<i'.f  l\  |r><rn  th«-  t'ulk  iif  tilt-  prod  1*1  pret  ipitate.  the  protridi 
had  .iU<>  ui.d' r^'ii'ir  \  ( •  i.<i..li  r  it*!*-  ilitii:iiu'i><n  in  qujir.it) 

If  «>if-  tt.  tv  •'i^ii.i^^  p.tth*>!  ••::'  d  ihaii«:<s  t!ur  '.«>  at>ii*  rtnal  ion- 
d;t  <ili<t  ill  \\i.^  i.i^r.  lAf-  Tli.i\    ^.i\    \\\x\  .(»•  rr   i<i  mhih'  tlefiUtte    vt»nfir%u»n 
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between  the  laliciferous  sj'Stem  and  ihe  assimilating  tissues.  Further 
eKperiments  confirm  this  conclusion  ;  for  if  the  plants  are  grown 
under  normal  conditions  and  the  latex  examined  before  and  after 
the  day's  assimilalion.  an  increase  is  found  at  ihe  end  of  the  period, 
as  is  shown  by  the  following  experiments  made  with  Euphorbia  Peplut 
in  the  early  pan  of  November,  1896,  e.  g.:— 
Nov.  3,  1896,  a  bright  sunny  day — 

l.Klci  colteclcd  nt  10  A.M.  give  -030]  grmi.  CdO  per  c.c. 
.,       .,    4  r.M.     „      -036     „        „ 

A  sliarp  frosi  put  an  end  10  this  series  of  experiments.  The  result  of 
exposure  to  this  cold  was  that  the  plants  gave  no  exudation  of  latex 
on  wounding  even  when  brought  into  a  warm  room ;  on  applying 
pressure  a  ihin  opalescent  liquid  was  squeezed  out. 

Further  experiments  were  accordingly  carried  out  with  Eupharbia 
pukhfrrinia,  with  the  following  results  ; — 


Here  an  increase  of  sugars  after  ihe  day's  a'isimilalion    is  evident. 
With  Euphorbia  arboratens  vtiy  discordant  results  were  obtained : — 


•o}t         gn.  CnO  pet  cc 


The  discrepancies  in  the  foregoing  results  were  found  to  be  due  to 
the  fact  that  the  latex  had  been  drawn  from  different  parts  of  the 
plant,  the  younger  portions  being  richer  in  sugar  than  the  older. 

When  we  consider  that  some  of  the  chief  constituents  of  laiex  are 
starch,  proleids,  and  sugar,  all  substances  of  undoubted  nutrient  value, 
and  that  the  proteids  are  typical  circulatory  forms,  and  that  the 
quantities  of  sugar  vary  with  the  plant's  assimilation,  it  is  evident  that 
one  function  of  latex  is  to  carry  reserve-materials  in  the  plant. 
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Whether  caoutchouc,  resins,  and  tannins  have  any  value,  nutrient 
or  otherwise,  in  the  plant  still  remains  to  be  detenoined.  If  they  (>rove 
to  be  simply  waste  products,  we  shall  be  confronted  with  a  peculiar 
method  of  dealing  with  waste  matter  which  does  not  show  much 

analogy  to  methods  known  at  present. 

R.  H.  BIFFEN. 
Frank  Smart  Student, 

GONVTLLE  AND  CaIUS  COLLEGE,  CAMBRIDGE. 


ON  FBZIZA  AUBAITTIA. — In  March,  1896,  the  large  pond 
in  the  Botanic  Gardens,  Cambridge,  was  emptied  and  cleaned, 
and  large  quantities  of  mud,  chiefly  the  peculiar  blue  clay — gault 
— so  commcHi  here,  were  removed  from  the  bottom,  together  with 
plant-remains,  such  as  die  ihizomes  and  stems  of  water-lilies, 
Epilobwm,  SdrpuSf  Polygonum,  &c.  This  mud  was  put  into  heaps 
in  the  garden  under  the  shade  of  trees.  At  the  same  time  a  heap  of 
similar  blue  clay,  obtained  during  the  digging  for  aeweiage  operations 
in  the  streets  outside  the  gardens,  was  made  near  these  heaps  of 
pond-mud. 

In  September  we  noticed  the  apparently  sudden  outburst  of 
enormous  numbers  of  brilliant  orange-scarlet  Peziza  cups  on  the 
heaps  from  the  pond,  and  these  increased  during  October  and 
November,  forming  one  of  the  jnost  magnifioeot  crops  of  these  Fungi 
I  have  ever  seen. 

Examination  showed  the  Peziza  to  be  P.  aurantia  (Oed.),  the  cups, 
asci,  and  spores  exhibiting  the  characters  given  in  Phillips*  British 
Discomycetes,  p.  56,  as  those  of  the  typical  species,  and  reference  to 
Massee  (Brit.  Fungus-Flora,  iv,  p.  448),  Lindau  (Engler,  Pflanzen^un., 
I  Th.  I  Abth.  Lfg.  130,  p.  187),  and  Winter  (Rabenh.,  Die  Pilze, 
B.  Ill,  p.  970)  confirmed  this,  though  these  authors  differ  in  the 
authorities  cited  for  the  name  and  synonyms. 

Brefeld  has  not  succeeded  in  germinating  the  spores  of  this  species, 
and  so  I  made  attempts  to  cultivate  it,  ahd  hofted  to  get  out  its 
Hfe-history,  but  in  vain. 

It  was  quite  easy  to  obtain  the  spoces,  though  the  majority  of  them 
appeared  hardly  ripe ;  nevertheless,  numerous  attempts  to  germinate 
them  failed.  In  hanging-drops  of  water,  gelatine  culture^media,  agar, 
&c.,  they  did  not  stir  under  any  of  the  given  ccMiiditions,  nor  could 
I  get  them  to  grow  in  test-tubes  <on  what  experience  suggested  ¥Kre 
probably  suitable  media. 

A  a 
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At  the  same  time,  and  especially  when  I  found  my  attempts  Tailing, 
I  examined  the  Pezizas  ihemselves  to  see  if  anything  of  the  nature  of 
a  acleroiium  or  similar  resting  body  had  given  rise  to  the  crop  ;  the 
results  were  negative,  1  also  examined  the  plants  round  the  pond  for 
signs  of  such  stlerotia,  as  well  as  the  remains  in  the  heaps,  for  il 
seemed  possible  that  the  sudden  outburst  of  the  crop  on  the  particular 
heaps  of  mud  from  the  pond  might  be  due  to  large  numbers  of  resting 
sclerotia  having  been  dug  up  from  the  pond,  aldiough  no  such  bodies 
are  known  in  this  group  of  Pezizas.  All  was  in  vain  :  no  (race  of 
any  such  body  could  be  found  either  on  ilie  debris  in  the  heaps  or  on 
the  plants  at  the  margins  of  the  pond. 

The  observation  that  a  few  smaller  patches  of  the  Paisa  occurred 
later  in  November  on  the  clay  heap  not  brought  from  the  pond,  made 
one  ask  whether,  after  all,  it  might  not  be  merely  a  case  of  suitable 
pabulum,  and  to  suggest  thai  the  blue  gauli  clay  was  the  favouring 
factor  for  the  germination  of  wind-borne  (or  otherwise  carried)  spores. 

Here  again  all  experiments  gave  negative  results,  and  I  could  not  gel 
the  spores  to  germinate  in  either  clay-washings  or  on  the  clay  itself. 

Moreover,  I  foutid  that  although  ihe  Fungus  seemed  to  be  spreading 
on  to  the  sewer-clay,  which  was  separated  only  by  a  narrow  space 
— a  couple  of  feel  or  so — from  the  heap  of  mud  and  debris  of 
Epihbium,  Scirpus,  Polygonum,  &c.,  where  the  large  crop  of  Fungus 
grew,  there  was  very  little  or  none  to  be  found  on  adjacent  heaps  of 
blue  clay  mud,  also  from  the  pond.  On  the  other  hand,  a  heap  of 
the  pond-mud  and  debris  which  had  been  fired  to  kill  the  Polygonum, 
&c^  and  covered  with  the  same  from  the  heap  last  mentioned,  bore  an 
abundant  crop. 

All  these  facts  suggested  that  the  hypothesis  of  wind-borne  spores 
and  a  suitable  pabulum  was  less  probable  than  the  hypothesis  that 
the  spores  or  other  resting  form  of  the  Fungus  had  been  brought  from 
the  pond  with  the  mud. 

Several  times  during  repeated  examinations  of  the  heaps  and  th«r 
crop  of  Pttita  cups,  and  of  the  latter  when  brought  into  the  laboratory, 
I  bad  noticed  that  the  hymenium  was  marked  with  pale  sunken 
patches,  whence  the  asci  and  paraphyses  had  evidently  been  removed 
by  some  gnawing  animal,  and  it  required  little  search  to  find  the 
culprit,  in  the  shape  of  a  small  slug  ensconced  during  the  day  on  the 
lower  side  of  the  cup  or  on  the  ground  near.  The  proof  that  the  slug 
was  the  culprit  was  readily  obtained  by  shutting  it  up  in  a  glass  dish 
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in  which  was  a  piece  of  moist  filter-paper  with  a  Pezi'za  cup,  fot  it 
rapidly  attacked  the  hymenium  in  the  dark,  and  gnawed  just  such 
holes  in  it  as  I  had  noticed. 

In  a  few  hours  also  the  animal  had  left  little  ellipsoidal  pellets  of 
dung  on  the  glass,  paper,  &c.,  and  the  bright  scarlet  colour  of  these 
told  plainly  the  nature  of  his  food.  Microscopic  examination  of  the 
dung-pellets  showed  abundance  of  spores,  apparently  uninjured,  and 
now  it  seemed  as  if  the  problem  was  at  length  to  be  solved :  of  course 
it  had  suggested  itself  that  the  spores  required  passage  through  the 
body  of  the  slug  as  a  condition  for  germination. 

Here  again,  however,  nothing  but  failure  attended  all  my  efforts. 
It  was  very  easy  to  obtain  the  spores,  in  the  dung,  in  hanging-drops ; 
yet  in  no  case  would  they  germinate,  but  behaved  as  if  dead,  until 
Bacteria  obscured  the  view  and  the  culture  liad  to  be  abandoned. 

Failure  to  germinate  the  spores  has  also  attended  every  attempt 
made  since  the  winter,  in  the  hope  that  exposure  to  frost  and 
a  winter-rest  might  be  necessary  for  germination,  as  is  known  to  be 
the  case  with  other  spores. 

H.  MARSHALL  WARD. 

ON  THE  OINOER-BEEB  PTiATTT. — In  my  work  on  the 
Ginger-Beer  Plant  (Phil.  Trans.,  B.  1892,  p.  187)  I  pointed  out  the 
resemblances  between  Kephir  and  this  symbiotic  compound  organism. 
On  p.  186  I  also  gave  reasons  for  believing  that  the  Bacterium  was 
introduced  with  the  sugar. 

I  have  now  good  reasons  for  believing  that  the  early  accounts  of 
Kephir  are  not  correct,  or  that  there  are  several  distinct  varieties  of 
this  and  other  Ginger-beer  plants,  and  that  in  all  cases  the  Schizomy- 
cete  I  named  Bacterium  vermiformi  is  concerned,  but  associated  with 
different  yeasts;  in  any  case,  it  appears  certain  that  it  can  be 
artificially  made  to  form  a  symbiotic  union  with  other  yeasts  than  the 
one  I  used  in  1892;  the  aerobic  yeast  protecting  the  anaerobic 
Bacterium, 

The  following  note  is  of  interest  in  this  connexion* 

My  wife  recently  received  from  a  lady  in  Pans  a  number  of  grains 
of  a  body  looking  like  boiled  sago,  and  obviously  of  some  such  nature 
as  Kephir  or  the  Ginger-beer  plant  It  was  said  to  have  been  given 
to  our  hostess  by  a  missionary  from  Madagascar,  who  described  it  as 
'an  excrescence  on  the  sugar-cane/ 

A  a  a 
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It  is  tued  23  follows.  A  table -spoonful  of  ihe  Kepbir-like  graioa 
is  ptil  inio  3  lit  re -bottle —a  champagne -bottle  does  well — with  three 
table-spoonfuls  of  moist  sugar  {cassonade),  and  the  boille  quite  filled 
with  water,  securely  corked  and  lied. 

It  is  then  left  for  three  days,  when  a  violent  fermentation  is  found 
to  be  in  play,  so  much  CO,  escaping  tliat  the  pressure  may  burst  the 
flask  or  blow  the  cork  out  violently  if  care  be  not  taken. 

The  liquor  is  now  strained  into  a  second  strong  flask  and  securely 
corked  down,  the  sago-like  grains  being  relumed  with  more  sugar 
and  water  to  the  first  flask  to  repeat  the  process.  In  four  days  it  is 
ready  for  drinking,  and  is  a  slightly  turbid,  violenlly  effervescing, 
lemonade-like  drink,  to  which  all  kinds  of  curative  and  medicin^ 
properties  were  ascribed  by  the  missionary. 

A  microscopic  examination  of  ilic  grains  show  that  they  consist 
almost  entirely  of  the  sheathed  form  of  a  Baclerium  so  like  B.  vtrmi- 
ferme  that  I  have  little  doubt  it  will  prove  to  be  the  same.  In  much 
smaller  quantity  I  found  a  yeast  with  long  sausage- shaped  pyriform 
and  oval  cells  not  very  like  6".  pyrifomiis,  and  probably  difTerent 
from  it. 

On  following  the  directions,  I  found  the  fermentation  to  occur 
exactly  as  described. 

On  carrying  the  e][p>erimenis  further,  I  was  impressed  by  the 
particular  stress  laid  on  the  direction  to  fill  up  the  botdes  and  cork 
thoroughly,  since  this  seemed  to  imply  the  necessity  for  keeping  the 
organism  out  of  contact  with  air.  I  therefore  decided  to  try  the 
following  method.  A  bottle  of  Schweppe's  soda-water  was  carefully 
opened,  and  a  supply  of  ordinary  sugar  together  with  some  of  the 
'Paris  Kephir'  (as  I  term  it  in  my  notes)  added,  and  the  flask,  quite 
full,  rapidly  corked  and  tied.  To  my  surprise  the  fermentation  at 
once  began,  and  all  the  sugar  disappeared  in  a  few  days,  the  gas- 
pressure  being  tremendous. 

The  fermentation  was  almost  entirely  due  to  the  Bacterium,  very 
little  yeast  being  present  and  apparenUy  not  increasing,  and  the 
conditions  show  that  no  oxygen  is  necessary  to  start  the  action. 

Here  we  baVe  clearly  a  case  of  an  aerobic  Baclerium,  capable 
of  fermenting  sugar  to  carbonic  acid  and  some  other  organic  acid 
— the  liquid  has  a  pleasant  acid  flavour  at  the  end  of  the  fermentation 
— and  requiring  merely  such  traces  of  nitrogen  as  would  be  present 
in  moist  sugar. 
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Whether  the  soda-water  and  sugar  will  prove  to  be  the  best  medium 
to  cultivate  it  in  or  not  remains  to  be  seen,  but  it  is  clear  from  the 
five  cultures  I  have  made  so  far  that  the  organism  ferments  very  well 
under  these  circumstances. 

I  also  desire  to  call  attention  to  the  following  quotation  from 
Cross  and  Bevan's  book  on  Cellulose,  1895,  p.  71,  in  this  connexion, 
as  it  seems  not  impossible  that  the  clots  of*  white  insoluble  substance' 
there  referred  to  may  be  this  remarkable  organism.  On  referring  to 
Durin's  paper  in  the  Comptes  Rendus — I  can  only  find  the  second  of 
the  two  papers  mentioned — I  find  no  evidence  of  any  microscopic 
analysis  of  the  clots,  and  it  seems  by  no  means  unlikely  that  the 
existence  of  the  micro-organism  was  overlooked. 

*■  As  a  result  of  a  change  which  is  observed  to  be  set  up  ''  spontane- 
ously" in  beet-juice,  a  white  insoluble  substance  is  formed,  and 
separated  in  lumps  or  clots ;  this  substance  has  all  the  characteristics 
of  cellulose.  After  separating  this  insoluble  cellulose,  the  solution 
gives  with  alcohol  a  gelatinous  precipitate  resembling  the  hydrates  of 
cellulose  previously  described.  These  results  are  independent  of  the 
so-called  viscous  or  mucous  fermentations.  That  the  process  by 
which  the  cellulose  is  formed  has  the  essential  features  of  a  fermentation- 
process,  is  seen  from  the  fact  that  when  the  lumps  or  clots  are 
transferred  to  a  solution  of  pure  cane-sugar  or  beet-molasses,  a  further 
formation  of  the  cellulose  ensues.  When  the  process  proceeds  in 
neutral  solution  no  carbonic  anhydride  is  evolved ;  b^t  in  presence  of 
acids  this  gas  is  evolved,  and  at  the  same  time  acetic  acid  is  formed 
in  the  solutions.' 

*£.  Durin,  by  whom  these  phenomena  have  been  investigated 
(Compt.  Rend.  83,  1078;  83,  128),  regards  the  ferment  as  allied  to 
diastase,  and  states  that  fresh  solutions  of  diastase  itself  act  on 
solutions  of  sugar  to  form  the  soluble  cellulose,  precipitable  by  alcohol. 
There  is  also  some  evidence  that  cellulose  may  be  formed  from  cane 
sugar  in  the  plant  by  processes  of  this  kind.' 

The  above,  and  several  other  problems  connected  with  this  interest- 
ing group  of  organisms,  are  now  being  investigated  by  Dr.  Green  in 
this  laboratory. 

But  the  proof  that  B,  vermifornu  is  introduced  with  the  sugar  is  all 
but  complete.  On  referring  to  a  paper  by  Koch  and  Mosaeus  in  the 
Cent.  f.  Bakt.  B.  xvi,  1894,  p.  225, 1  find  these  authors  discovered  and 
figure  a  form  evidently  identical  with  mine,  or  so  close  to  it  that  they 
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were  quite  unwarranted  in  giving  it  a  new  specific  name  until  Ihey  had 
cultivated  it,  especially  as  they  knew  of  my  work  and  poimed  out  the 
resemblances  between  iheir  form  and  mine.  They  could  not  cultivate 
it  by  ordinary  bacteriological  methods,  and  were  puzzled  by  the 
specimens  being  contaminated  with  a  yeast.  They  do  not  seem  to 
have  tried  anaerobic  cultures,  or  to  have  really  looked  closely  into 
my  work ;  otherwise  I  cannot  help  thinking  they  would  at  least  have 
tested  the  resemblances,  amounting  to  identity  as   far  as  can  be 

My  own  impression  is  that  their  form  was  a  case  of  wild  Ginger-beer 
plant. 

H.  MARSHALL  WARD. 

BFBEMATOZOIDS  IN  QTUN'OBPSRHS.  — At  the  request 
of  Dr.  D.  H.  Scott,  one  of  the  editors  of  this  Journal,  we  publish 
here  in  the  English  language  a  short  r/mm/  concerning  the  sper- 
matozoids  of  Ginkgo  iiioia  and  Cycas  revoluia,  which  we  have 
lately  discovered. 

In  Ginkgo,  as  well  as  in  Cycas,  the  behaviour  of  the  pollen-tube 
towards  the  archegonium  is  quite  different  from  what  we  observe  in 
all  the  Conifers  investigated  by  Professor  Scrasburger  and  others.  For 
the  growing  end  of  the  tube,  instead  of  elongating  towards  the  neck- 
cells  of  the  female  organ,  poinls  towards  the  opposite  direction,  and 
produces  in  the  nucellus,  which  is  now  a  paper-like  thin  skin,  many 
slender  branches,  which,  acting  like  a  root,  serve  to  maintain  the  tube 
in  that  place.  The  other  end  of  the  tube,  which  is  easily  recognized 
as  such  by  the  remains  of  the  exine  covering  it,  produces  within  it, 
shortly  before  fertilization,  two  generative  cells,  each  with  a  spermatic 
nucleus.  Then  an  especially  interesting  phenomenon  takes  place, 
for  here  each  of  these  cells  begins  to  be  metamorphosed  into 
a  spermatozoid. 

The  motion  of  the  spermatozoid  after  its  having  broken  out  of  the 
poUen-tube  has  been  observed  in  Ginkgo;  as  to  Cycai,  however,  its 
motion  has  not  yet  actually  been  observed ;  but  the  form  as  well  as 
the  development  are  so  alike  in  both  that  now  there  is  no  reason  to 
deny  its  motility.  (As  one  of  us  has  found  that  the  fertilization  in 
Cycas  takes  place  at  the  end  of  September  or  the  beginiiiag  of 
October,  he  intends  in  this  year  to  prove  its  actual  motility.) 

The  spermatozoid  of  Ginkgo  is  considerably  larger  than  that  bf  any 
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spermatozoids  of  the  lower  and  higher  Cr}'ptogain8  knomn  till  now, 
for  it  measures  82  ^  in  length  and  49  ^  in  breadth.  That  of  Cycat  is 
larger  than  that  otXiinkgo  both  in  breadth  and  length.  It  is  o\'al  in 
sha()e.  The  head  consists  of  three  spiral  windings  in  Ginkgo^  and  of 
four  in  Cycas,  on  which  cilia,  the  organs  of  motion,  are  abundantly 
present  The  tail  is  also  formed,  but  is  visible  only  after  the  element 
has  broken  out  of  the  pollen-tube.  Anatomically  considered,  it 
consists  of  a  nucleus  and  cytoplasm,  which  covers  it  completely. 

If  we  examine  the  o\'ulc8  both  of  Ginkgo  and  Cy<as  towards  the 
time  of  fertilization,  we  find  a  quantity  of  sap  firesent  between  the 
apiod  concavity  of  the  endos|)erm-body  and  the  niKellar  skin.  This 
tap  is  necessary  for  the  act  of  fertilization,  for  spermatozoids,  by 
swimming  there,  are  able  to  reach  the  archegonia.  For  it  is  a  remark- 
able fact  that  in  our  plants  the  pollen-tul)e  is  far  a|>art  from  the  neck- 
cells  of  tlie  female  organ.  As  is  well  known,  in  other  Gymnosperms 
tlie  |)ollen-tul)e  penetrates  in  fertilization  more  or  less  deeply  into  the 
archegonia,  but  in  our  plants  the  tube  does  not  come  at  all  into 
contact  with  the  ncck-cells.  We  think  that  this  fact  explains  the 
reason  why  s|)erma toxoid h  occur  in  Ginkgo  and  Cycas  but  not  in 
other  Oymno)i|>erms  so  long  as  the  motile  elements  shall  not  liave 
been  discovrretl  in  nuch  (iymnosprrms,  where  ihr  relation  of  tl>e  iul>e 
to  the  archegonia  is  dtffrrrnt  from  that  of  our  plantn. 

Smcr  llofmei^trr's  (Ia^^ical  researches,  we  know  that  there  is  no 
•harp  boundary  l>etwcrn  \\\t  higher  (*r)'ptogamH  and  the  Phanerogam^. 
On  the  other  hand.  h«»wc\rr.  it  was  generally  accepted  as  a  fact  without 
exception,  that  m  the  former  fertilization  takes  pUie  by  s|>ermatoxi>idt. 
while  III  the  latter  it  (Kcurs  by  |K>llen-tul»e^.  v>  that  we  nxsi^x  hav-e 
conclu<ted  that  in  thii  rei^|>ect  only  tliere  exist<i  a  \\\xr\i  l»oundary 
between  tltese  two  great  groups  of  plants  Hut  rK>w  this  lioundary 
has  tieen  broken  down,  and  therefore  the  Inith  of  the  fact  tlat  U)th 
are  \rr\  intimately  connected  liecomes  more  ami  more  primiinent 

KinulU  we  have  to  draw  the  attention  of  our  readers  to  the  fact  that 
Ilofntetst'-r  lon^  ago  staled  his  supfiosition  that  in  tlie  |v>llen  tube  of 
(  ofufrr*  s|iernia!<>/oi<ls  Would  lie  found  to  lie  produc  eti  PnngUietm 
alMi  n  )ir.(tedl>  stated  hi«  opinion  that  they  must  W  present  in  tlie 
|M»llen  \\\W  «if  rhaiierogams  The  ihup|>osition  c»f  these  great  botanists 
ha«  n<iw  liren  \  rf>\ed  to  be  |iartly  right 

S    IKKM)  Ann  S.  lURASK. 
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IN  the  classification  of  the  Florideae  proposed  by  the  late 
Professor  Schmitz  ('89),  the  Rhodymeninae  constitute 
a  group  of  six  families,  viz. : — the  Sphaerococcaceae,  the 
Rhodymeniaceae,  the  Delesseriaceae,  the  Bonnemaisoniaceae, 
the  Rhodomelaccae,  and  the  Ceramiaceae.  This  arrangement 
has  been  adhered  to  in  Engler  and  Prantl's  Pflanzenfamilien 
(*96),  the  parts  of  which  on  the  Rhodophyceae  are  now 
appearing  under  the  names  of  Schmitz,  Falkenberg,  and 
Hauptfleisch,  In  this  work  the  Rhodymeniales,  as  they  are 
there  called,  are  thus  distinguished : — Auxiliary  cells  for  the 
most  part  differentiated  only  after  fertilization  of  the  carpo- 
gonium :  the  mother-cells  of  the  auxiliary  cells  are  disposed 
with  the  carpogonium  in  pairs,  usually  constituting  procarps : 
after  conjugation  with  the  egg-cell,  the  auxiliary  cell  grows 
out  into  gonimoblast-filamcnts. 

In  former  numbers  of  the  Annals  of  Botany  I  have  already 
published  ('93  and  '96)  the  results  of  observations  on  a  series 
of  genera  of  Rhodomelaccae,  and  I  have  since  been  engaged 
in  extending  these  observations  to  the  other  families  of  the 
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cohort  Rhodymenialcs,  more  particularly  the  closely  allied 
Ceramiaceac.  I  desire  now  to  record  the  results  of  obser- 
vations on  the  structure  of  the  cyatocarp  in  the  following 
species  r — 

Bonncmaisoniaceae :    BoHncmaisoiiia  asparagoides,  C.  Ag. 
Rhodymcniaceae :        Phcamium  coecineum,  Lyngb. 
Sphaerococcaccac  :      CalUbltpharis  cUiata,  Kiitz. 
Ceramiaceac  :  Antithamnioti  Plumiila,  Thur. 

Griffithsia  coraUina,  C.  Ag. 
Griffithsia  seiacea,  C.  Ag. 
Callithamnion  byssoides.  Am. 
Callitkamnion  granulatum ,  C-  Ag. 
Ccramium  tcnuissimuw,  J.  Ag, 
Plihiaplumosa,  C.  Ag. 
Pltimaritt  elegmts.  Bonnem. 


BONNEMAISONIA   ASI'ARACOIDES,   C.  Ag. 

The  family  Bonncmaisoniaceae  is  represented  in  British 
waters  by  a  single  species,  Bontumaisonia  asparagoides,  C.  Ag. 
By  J.  G.  Agardh  the  genus  was  made  the  type  of  the  Bon- 
nemaisonieae,  one  of  the  four  tribes  of  the  order  Chondrieae. 
The  Chondrieae  of  Agardh  ('68)  no  longer  exists  in  the 
system  founded  by  Schmitz  on  the  structure  and  develop- 
ment of  the  cystocarp.  The  single  genus  constituting  each 
of  three  Agardhian  tribes  have  been  removed  to  widely 
separate  families  :  Polyides  has  gone  to  the  Rhizophyllidaceae, 
Solieria  to  the  Rhodophyllidaceae,  Lcvieniaria  to  the  Rho- 
dymeniaceae.  The  tribe  Bonncmaisonicac  may  be  said  to 
have  survived  in  Schmitz's  fionnemaisoniaceae,  shorn  how- 
ever of  the  large  genus  Laurencia,  wliich  has  gone  to  the 
Rhodomelaceae.  I  cannot  find  that  the  minute  structure 
of  the  cystocarp  in  Donnemai$onia  aspar^oides  has  previously 
been  described  and  figured.  The  description  of  the  family 
in  the  PJlanseitJamilieit,  as  far  as  it  applies  to  this  genus, 
certainly  leaves  much  to  be  desired.  The  authors  (Schmitz 
and  Hauptfleisch,  '96)  regard  the  Bonncmaisoniaceae  as  inter- 
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mediate  between  tin:  SphiKT«>CiKcaccae  ami  RhiKlomdaccac, 
ami  nearest  to  tlu-  tribe  ('.illi-blcpharideae  t>f  the  former 
family. 

It  w.is  therefore  with  considerable  interest  that  I  |)asscd 
from  an  investigation  of  Khodomelaceac  to  lioaMfmaisonia 
ns/utra^ritivs,  the  material  for  which  I  obtaineil  from  the 
Marine  l^ioli»jjical  I^ilmratory  at  IMy mouth,  where  it  had 
been  collected  an<l  suitably  preserved  by  Mr.  George  Brcbncr. 

SiijKrrftcially.  the  plant  presents  in  its  external  ceramidia, 
a  stron:^  likeness  to  the  more  sli^^htly  corticatet!  forms  of 
KhcHloinel.iceat  I\ven  its  marked  monoeci^m  finds  its 
counterpart  in  /*«'/i.w///i'//i<i  hysst^iiit's^  (irev.  The  ceramidta 
of  khmioinelaceae  are  however  oblique,  while  those  of 
lii-nnifHttiu'tiitt  seem  to  Ik  placed  symmetrically  on  the 
en*l  of  the  axis.  The  absence  of  tetrasporan^;ia  further 
(liNtin^uisht's  it  from  most  KhiMlonulaceae ;  and.  C(»mbtned 
as  it  is  with  monoeci.sm,  recalls  the  condition  in  many 
Nemali«»nales, 

The  investigation  of  the  intimate  structure  of  the  youni; 
ppkcarps  is  attemlol  with  considerable  difTicuIty  on  account 
of  their  minuteness.  After  sevi-r.il  trials,  the  most  satisfactory 
methttd  was  f<'un<l  to  Im-  prolongs!  treatment  with  strong 
glyct-riiu  saturated  with  lloffniann's  blue,  and  the  sut>sc<iuent 
c  x.miin.it:*'!!  «if  thr  j»r«»»..ir,.s  wli   !e. 

I  n<'\\  pt«»|H  M*  t"  trace  the  hi^ti^ry  of  tlu-  «!e\e!«»pn)ent  of 
the  (\st><  itp.  .I**  t.ir  .is  I  h.i\i*  iMt'fi  .iblr  t'»  <hupher  it. 
I  I  i:.it  .ill  iit«  iiiur  !•>  tlw  i.xtiinal  rii'ifphitlogy  itf  the  plant, 
uhiih  is  uell  iV.iiir**!  by  ll.irvey.  .md  t«»  ihf  .in.it«»niy  of  the 
\( '^M  t.iti\(  {Mft^  uliuh  i.tn  !ic  tt-.idily  iii.idr  out  in  iii.itcrial 
sunllri)  in  /!\tifinr  .^ufVue  it  lo  \,iv  ih.il  the  fertile  l»f.4U«hc*% 
iM^iir  «n  «.uh  «*:(!i ,  .tlt<  iiMt*  !\  utth  the  steiile  bf.uul.cs,  and 
k<i  th.it  t  trft!!r  br.irih  1^  n  .,u!.ii!y  «>jip"^!te  .1  <iteii!c  branih, 
.1  1 1  n  :li»rj  u  li  .  !i  .  i»  i;fN  iln  ii»  /7/#'. /;  .ind  l'luv:,it  i,t  .llliopg 
(  cr.irniir.n  Wltiii  \\\k  bf.iTH  Ii  u!i:ili  !•«  (!i  »tini  d  \%\  \^a\ 
A  \\  i.ii|i  1^  •  V  r  <  :.;!tt  ii'K  !•  ri;^  aiid  \\b:!i  |K*riphef.d  Cr!U 
.ui  Ih  r  •  1 1;!  i't  ::i»fji  il  r  ii!il  r  II  III*  III  till*  plane  i»f  de\rl»ip» 
I   r*  t  •  t  til*   p'.ict     t  Is  totiiid  lli.it  fi«>m  the  fitth  it  II  uiiwards 
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it  is  deflected  towards  the  axis  by  tlie  more  rapid  growth  of 
the  external  peripheral  cells  of  that  joint.  The  proximal  cell 
of  the  row  of  peripheral  cells  thus  arising  on  the  fifth  joint- 
now  begins  to  give  off  cells  in  all  planes,  which  are  bound 
together  in  a  common  mucilaginous  mass  and  constitute 
a  small  cup.  The  deflected  axial  row  shares,  on  the  internal 
(ventral)  side,  in  the  formation  of  this  cup.  The  second  cell 
of  the  external  peripheral  row  now  gives  rise  above  to 
a  two-celled  carpogonial  branch,  which  occupies  the  hollow  of 
the  cup  and  extends  beyond  in  an  unusually  short  trichogyne 
{PI.  XVII,  Fig.  i).  A  considerable  proportion  of  the  procarps 
which  reach  this  stage  do  not  develop  further,  presumably 
through  failure  of  fertilization.  In  those  which  do,  two  things 
soon  become  marked.  First,  the  rapid  growth  of  the  fila- 
ments constituting  the  cup,  until  this  budy  becomes  um- 
shaped  with  an  apical  pore.  The  lower  cells  cut  off,  externally, 
cells  which  form  a  cortex  to  the  pericarp  continuous  with  the 
cortex  of  the  stalk.  Secondly,  the  interior  of  the  urn  becomes 
filled  with  a  compact  hemispherical  mass  of  tissue,  the  cells 
of  which  radiate  from  the  base  upwards  and  are  of  a  bright- 
red  colour  (PI.  XVII,  Fig.  2).  At  first,  I  considered  this 
tissue  to  be  the  gonimoblast-filaments  originating  in  an 
auxiliary  cell.  I  discovered  however  that  they  gradually 
disappeared  again  in  successively  older  cystocarps,  and  that 
the  real  gonimoblast-filaments  arose  much  later,  and  consisted 
of  larger  and  stronger  filaments.  These  true  gonimoblast- 
filaments  surround  the  first  crop  of  sterile  filaments  (PI.  XVII, 
Fig.  3),  which  become  gradually  more  and  more  attenuated, 
until  {b  maturer  cystocarps  they  could  not  be  traced.  Re- 
verting to  the  origin  of  the  sterile  filaments,  I  found,  to  the 
best  of  my  belief,  that  they  arise  from  the  first  cell  of  the 
carpogonial  branch,  the  cell,  that  is,  which  lies  directly 
beneath  the  carpt^onium.  By  their  luxuriant  growth,  the 
carpogonium  itself  is  thrown  over  upon  the  base  of  the  cavity 
of  the  cystocarp,  where  it  may  be  seen  at  this  stage,  dis- 
tinguishable only  by  its  mucilaginous  wall  running  out  into 
the  remains  of  the  trichogyne.    The  origin  of  the  gonimoblast- 
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filaments  is  in  a  sinr;lc  cell  arising;  from  the  Ikisc  of  the 
civity,  and  dcrivctl  from  the  same  central  cell  from  which 
emanate  the  filaments  constituting  the  pericarp.  This  cell  is 
the  auxiliary  cell,  and  there  b  no  difficulty  in  understanding 
how  conjugation  may  take  place  between  the  carpogonium 
lying  against  the  base  of  the  cavity,  as  I  have  described,  and 
this  auxiliary'  cell  arising  later  in  its  immediate  neighbourhood. 

Comparing  now  the  cystocarp  of  Bonnemaisonia  with  those 
of  Khodomelaceae,  several  ix>ints  of  dissimilarity  are  apparent. 
First,  while  axial  cells  share  in  the  formation  of  the  cystocarp 
in  both,  these  occur  on  the  inner  (\'entrAl)  siile  of  the  organ 
in  Inmrn'maisonia,  and  on  the  outer  (dorsal)  side  in  Rho- 
domclaceac.  Secondly,  the  car|>ogonial  branch  is  2-ccUcd 
in  lioNfUfftaisofiia,  if  the  hy|Migynous  cell  which  proliferates 
is  included ;  in  Khcxlomelaccae  it  is  invariably  4-celled. 
'thirdly,  while  sterile  filaments  are  found  in  the  cystocarp 
both  in  lioNfumaisotiia  and  Rhoil(>melace.1e.  in  some  casct, 
e.g.  Ihuya,  ami>ng  the  latter  cx'eii  filling  the  )MHmg  cystcKarp 
as  in  /wNNtPftdisoNtti,  yet  in  HoHHtmiMisonia  these  steitle  fila- 
ments are  fornud  exclusively  from  the  hy|M>gynous  cell,  and 
in  Khodomelaceae  from  two  branches  of  the  |H:riCi-ntral  cell 
which  gives  rise  to  the  car|M>gonial  branch.  Fourthly,  no  such 
|>ar.mcmatal  filaments  line  the  cavity  in  HoMNtwaistwa^  as 
invariably  cKcur  in  Khixlomclaccac*. 

On  the  other  hand,  the  car|>«>g<tnial  br.mch  is  at  fir«t 
external  as  in  Kh«Klomclaci*ae,  and  the  apical  ]»«irr  is  formetl 
in  much  the  s-unr  u.iy  as  in  that  family.  In  t>«»th  these 
rcs|Ki  Is,  />i'/if/f-;//iiij<  Nta  contr.iNts  stn»ni;ly  with  Sphacro- 
c'l  i  cat  car  and  IvhiKlynuni.iccac.  uIutv  the  pr«K:arpN  are 
iinlM-ddcd  fri'in  the  first,  and  the  apical  jmiic  arises  by 
diNvi>luti«»n. 

I  ItMik  firw.ifil  t«>  o))t.iining  opp«>rtiinitt4  s  «>f  1  xamining 
ii-prcM  nt.it  i\('>  iif  ixtr.i-Uritish  (uncia  of  lUinnrniaiNoniaccae  : 
at  pri'Hcnt.  ho\\(  vcr,  I  cannot  but  think,  jud^iti^  from  luumr' 
ni.iistn:*!  .d'Mu-.  th.it  the  i^ttl.uion  of  the  family  by  Sihmit/  is 
lull)  juMihc-tl  .ind  th.it  the  rilationfthip  to  the  other  families 
•  •1  Klu<«i)  nu  ni.iU-^  is  ni>i  s»*  clo»c  a^  h.is  been  represented 
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PlOCAMIUM   COCCINEUM,   Lyngb. 

This  plant  occurs  commonly  all  round  the  Prilish  coast, 
and  female  plants  with  cystocaqis  in  all  stages  of  develop- 
ment may  readily  be  collected  during  the  early  months  of  the 
year.  Schmitz  ('83)  has  given  two  figures  of  the  early  stages 
of  the  procarps,  which  are,  however,  insufficient  for  the 
complete  understanding  of  the  structure  of  the  cystocaqj. 
It  was  in  order  to  obtain  an  insight  into  the  history  of  the 
development  of  the  fructification  in  a  species  of  Rhody- 
meniaceae,  that  I  undertook  the  examination  of  this  readily 
accessible  species.  Schmitz  and  Hauptfleisch  f97)  represent 
it  however  as  a  somewhat  aberrant  genus,  presenting  among 
Rhodymcniaceae  the  only  case  with  a  distinct  axial  row  of 
cells.  Its  sympodia!  growth,  and  its  stichidia  with  zonate 
tetraspores,  undoubtedly  mark  it  as  a  special  form  among 
Rhodymcniaceae,  and  may  account  for  a  cystocarpic  structure 
somewhat  different  from  that  described  by  Hauptfleisch  ('92) 
for  Ckylocladia  and  Lomeutaria,  and  by  Hauptfleisch  ('92)  and 
Davis  ('96  b)  for  Ckampia. 

Plocamium  ceccineum  has  all  its  parts  flattened  in  one 
plane,  a  circumstance  which  makes  it  easily  mounted  by 
collectors.  It  is  on  the  edges  of  the  young  branches  that  the 
procarps  occur  in  great  numbers.  The  method,  which  I  have 
now  for  some  time  resorted  to,  for  the  examination  of  the 
more  solid  Florideae,  is  to  cut  either  the  fresh  or  appropriately 
fixed  material  in  frozen  gum  arable,  by  means  of  a  microtom& 
This  method  has,  I  find,  been  elaborated  by  Osterhout  {'96), 
and  employed  with  success  by  several  investigators. 

The  3-ceIled  carpogonial  branches  arise  in  the  cells  inter- 
mediate between  the  large  medullary  cells  surrounding  the 
axis,  and  the  small  cells  constituting  the  superficial  layer 
(PL  XVII,  Figs.  4, 5).  I  was  not  able  to  discover  that  the  cells 
giving  rise  to  these  branches  stood  in  any  definite  relation 
by  genesis  to  the  cells  of  the  axial  row.  The  branches 
incline  obliquely  forwards,  and  occur  in  great  numbers,  more 
particularly  on  the  ventral  edges  of  the  thallus.    As  they 
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lake  up  stain  rcailily.  llicy  may  be  easily  detectciJ  in  ^icctions 
|)re|>.ired  as  I  have  described.  The  three  cells  makini;  up 
the  branch  are  curved  sharply  in  a  crescent  on  the  outside 
of  the  cell  from  which  they  are  derived ;  so  much  so  that 
two  cells  and  the  proximal  |>ortion  of  the  carpogonial  cell 
are  contiguous  to  it.  The  trichogyne  is  usually  somewhat 
inflated  before  it  emerges  at  the  surface. 

The  first  step  which  follows  U(>on  fertilization  is  the 
growth  outwards,  from  the  mother-cell  of  the  carpogonial 
branch,  of  a  cell  which  is  in  still  closer  juxtaposition  with 
the  car|>ogonium.  This  is  doubtless  the  auxiliary  cell,  as 
from  it  later  all  the  s|X)riferous  filaments  are  derived.  In 
the  figures  of  Schmitz,  to  which  allusion  has  already  been 
made,  it  is  the  mother-cell  itself  which  is  described  as  the 
auxiliary  cell.  In  the  |>osthumous  work  (*97)  prepared  by 
Ilauptfleisch,  the  Khodymeniaceae  are  described,  in  contrast 
to  the  Gigartinaceae,  as  perfecting  the  auxiliary  cell  subse* 
quently  to  fertilization.  In  this  case  it  arises  only  after 
fertilization.  That  this  later-formed  cell  is  the  auxiliary  cell 
is  |)robable  for  this  reason.  From  all  analogy,  a  cell  playing 
so  imix>rtant  a  |>art  in  reproduction  is  not  likely  after  con- 
jugation to  give  rise  to  sterile  filaments  as  well  as  to  gonimo* 
blast-filaments.  Now  this  mother-cell  during  the  formation  of 
car|K>8|x)rcs  gives  rise  to  an  abundant  tivMic  constituting  the 
inner  l.iyrrs  of  the  hemispherical  cysttKarp.  I  )avis  in«lceili  Wib) 
in  his  ilescription  «»f  t!ic  cysti»c.irp  iif  ChamfiA  re^MnU  several 
cells  as  auxili.iries,  sonic  of  which  are  figured  .ts  sharing  in  the 
formation  of  the  |K-ricaq>  He.  however,  shows  that  these 
cells  do  not  give  rise  to  gonimolilast- filaments,  and  indeed, 
he  only  ilr.si^Mi.ite"*  lliem  .luxiliary  celU  on  the  supposition 
that  they  arr  the  iilN  uhuli  ll.iupttUist :h  has  called  by  that 
name.  In  the  scfi^-  in  whiili  Schinit/  awA  ll.iupttleisch  use 
the  term,  the  «»fil>  .luvtli.iiy  cell  in  ChAmfixi  is  the  wwc  which 
gives  ris4*  to  the  y\  'iiu  ruins  of  s|»"res.  \\\\\  to  fctuin  to 
J*L*ti99i:utu.  When  the  auxili.iry  cell  ha«  \icct\  cut  ••AT,  the 
car|Ni,;iini.il  br.inih  may  still  Ik*  sun.  the  caip'>gi'nium  Im  ing 
e\(ii  l.ii^:*!  tli.ifi  .It  tilt  inonu-nt  oifirtili/ation  of  the  trichogyne 
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(?1.  XVII,  Fig.  6).  The  trichogync  has  by  the  time  dis- 
appeared. The  wait  of  the  auxiliary  cell  is  already  highly 
mucilaginous,  and  the  filaments  lining  the  cystocarpic  cavit>' 
are  beginning  to  be  pushed  back.  A  later  stage  (I'l.  XVII, 
P'g-  7)  shows  the  auxiliary  cell  grown  out  into  a  tier  of 
cells,  branching  on  all  sides  at  each  tier.  The  terminal  tufls 
of  goni  mob  last- filaments  (gonimolobes)  seem  to  mature  first; 
those  near  the  base,  at  any  rate,  seem  less  vigorously  de- 
veloped than  those  near  the  apex.  The  pericarp  has  now 
bulged  out  into  a  globular  mass,  and  the  cystocarp  has 
become  more  or  less  external  on  the  thallus,  At  the  same 
time,  the  looser  lining  layer  has  assumed  the  appearance  of 
a  mass  of  attenuated  filaments  radiating  from  the  base.  Later 
an  apical  pore  arises  by  dissolution  of  the  wall,  and  the 
maturer  carpo spores  escape. 

In  the  circumstance  that  the  auxiliary  cell  is  derived  from 
the  mother-cell  of  the  carpogonial  branch,  there  is  a  clear 
resemblance  to  the  Rhodomelaceae.  There  are,  however,  no 
sterile  threads  comparable  with  those  of  Rhodomelaceae  and 
liofinemaiionia.  Other  Rhcdymeniaccae  are,  however,  de- 
scribed as  forming  the  auxiliary  cell  from  cells  contiguous 
to  the  mother-cell  of  the  carpogonial  branch,  and  even  as 
forming  more  than  one  auxiliary  cell  (Hauptfleisch,  '92). 


CaLLEBLEPHARIS  CtLIATA,  Ktitz. 

As  this  plant  occurs  commonly  on  our  shores,  it  seemed 
to  me  a  readily  accessible  species  of  Sphaerococcaceae  in 
which  to  follow  the  development  of  the  cystocarp. 

The  procarps  occur  in  great  numbers  along  the  margins 
of  the  'cilia,'  from  which  the  plant  derives  its  name.  When 
one  of  these  matures  into  a  cystocarp,  the  '  cilium '  becomes 
swollen,  sometimes  symmetrically,  more  often  obliquely,  so 
as  to  throw  the  apex  over  to  one  side.  The  cystocarp  does 
not  emerge  as  a  globular  mass  upon  the  surface,  but  remains 
at  best  a  broad-based  protuberance. 
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The  vc^'lJ^'^J  car|H>g<>ni.il  branches  arise  fn>m  a  Ia>xr 
corrcs|K>niIin^;  to  ihal  from  which  ihcy  arise  In  PLKamium. 
They  seem  to  be  distributed  equally  over  the  marginal 
surface  of  the  pinnae;  and  the  trichogyncs,  when  they  reach 
the  surface,  which  many  apparently  do  not,  do  so  at  varying 
inclinations,  though  the)'  are  mostly  directed  forwards  (PI. 
XVII.  Fig.  8). 

No  auxiliary  cell  can  be  distinguished  at  the  moment  of 
fertilization  any  more  than  in  I'LKamium^  and  a  considerable 
inter\'al  elapses  before  any  gonimoblast-fibments  can  be 
detected. 

The  first  effect  of  fertilization  is  to  induce  a  rapid  growth 
in  a  group  of  cells  lying  over  the  car|x>gonial  branch,  and 
derived  from  the  mother-cell  of  this  branch.  They  become 
greatly  enlarged,  stain  readily,  and  give  rise  to  radial  rows 
of  cells  which  cause  the  papillar  elevation  which  is  the  first 
outward  sign  of  fertilization  (TIXVII,  Figs.  9, 10).  These  might 
easily  be  mistaken  for  cells  directly  concerned  with  spore- 
formation.  At  this  stage,  the  car|M»gonial  branch  may  still 
be  seen  lying  below  ap|)arently  unaltered.  A  second  cfTcct 
of  fertilization  is  the  formation  of  a  complex  of  small-celled 
filaments  lx.*low  and  around  the  caqxigonial  branch.  licforc 
this  has  however  attained  any  considerable  dex'elopmcnt.  there 
arises  .1  tuft  of  ^oniinohhiHt-fiKinunts  l>et\vcrn  these  inner  and 
outer  tissues  inarketl  in  glyccrinr-m.itcri.d  by  the  swtdlen 
(tll-H.ill  s<.i  ch.iracteristic  of  these  s|>orogtnous  hiaments. 
1  he  h.isal  cell  of  this  tuft  I  regard  as  the  auxiliary  cell,  and 
in  |M>&ition  it  \s  closely  contiguous  to  the  still  tiaceable 
car|Ni(N>niuni.  I  could  not  decide,  however,  whether  the  cell 
uhith  t'ive?!  rise  t«»  the  auxili.irv  cell  is  the  mother-cell  of  the 
t  .ir|»<*^^iiniuin.  or  the  cell  next  al>«ive  it.  If.  as  I  am  inclined 
t«>  Ix'luAe.  the  .lUNiliai)  icll  arises  from  the  mi>tlier-cill  itself, 
till  re  is  a  il<isc  corrcNjjomlence  uith  the  case  of  I'^Lwtmium, 
Sihmit/  and  llaupttUisch  s|>eak  of  the  auxiliary  cell  merely 
.iH  a'cK'Ml)  i«>nti(:tii>us  Ci>rtK'al  cell'  .-\h  I  have  said,  it  is 
prulMtil)  niMii  than  thin.  \\i.  a  ^istercill  t'»  the  i'ar|Migonial 
blanch.     >uih  huv%cvei  i>  the  complex  of  pLucnt.d  '  rhif oids  ' 
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in  the  neighbourhood  of  the  tuft  at  this  sta^c,  that  t  failed 
to  decide  this  point,  though  I  examined  many  sections. 

In  the  later  history  of  the  cystocarp  the  large-celled  outer 
tissue  loosens  and  gives  way  before  the  enlarging  gonimoblast- 
filaments,  forming  the  cystocarpic  cavity.  The  small-celted 
tissue  becomes  a  kind  of  placenta  lining  the  base  and  sides 
of  this  cavity. 

There  would  seem  to  be  close  relationship  between  Sphae- 
rococcaccae  and  Rhodymeniaceae,  and  a  remoter  connexion 
between  both  famities  and  Rhodomelaceae. 

Antithamn'ion  Plumula,  Thur. 

It  is  to  the  Ceramiaceae,  standing  as  they  do,  by  general 
consent,  nearest  to  the  Rhodomelaceae,  that  I  have  devoted 
most  attention ;  and  among  the  species  of  Ceramiaceae  which 
I  have  examined,  none  exhibit  a  simpler  structure  in  the 
cystocarp  than  Arilithamnioti  Plumula. 

The  carpogonial  branch  arises  on  the  proximal  joints 
of  the  pinnae  close  behind  the  apex  (PI.  XV 111,  Fig.  ii).  The 
branch  arises  laterally,  its  cells  are  smaller  than  the  ordinary 
vegetative  cells,  and  it  curves  round  the  joint-cell  upon  which 
it  is  produced,  so  that  the  carpc^onium  itself  rests  upon 
.  it  above,  and  the  long  trichogync  stretches  forward  so  as  to 
overtop  the  densely  aggregated  branches  near  the  apex  of 
growth.  The  carpogonial  branch  is  not  free,  but  is  throughout 
adherent  to  the  joint-cell  from  which  it  is  derived. 

Fertilization  having  taken  place,  the  fertile  joint-cell,  or 
basal  cell,  as  it  may  be  called,  cuts  oflt  a  lateral  cell  above 
in  close  contiguity  with  the  carpogonium.  Of  the  conjugation 
which  ensues  between  these  cells,  I  have  no  doubt,  as  I  have 
seen  the  stout  ooblastema-tube  more  than  once,  and  demon- 
strated its  presence  to  others(Pl.  XVI 1 1,  Fig.  1 2).  In  a  species  of 
CaUitkamnion  in  which  Schmitz('92)observed  this  conjugation, 
he  describes  it  as  being  effected  by  means  of  a  small  cell  cut  off 
from  the  carpogonium.  Though  I  have  not  been  able  to  satisfy 
mystAi  of  the  existence  of  any  cell-wall  in  the  carpogonium. 
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yet  invariably  a  smuU  mass  i»f  granular  matter  remains  over 
in  the  car|)0(^i>nium  lyin^;  near  the  origin  of  the  trichci|;yne. 

This  conjuji^ation  ciTectcd,  the  auxiliar>'ccll  forthwith  ^rows 
luxuriantly  into  (^onimoblast-filaments,  made  up  of  several 
(;onimolol)es.  As  this  frrowth  proceeds,  the  cells  immediately 
above  and  below  the  auxiliary  cell  tKCome  fused  with  it. 
The  pits  widen  out  until  the  limits  of  the  separate  cells 
become  indistinguishable.  This  fusitm  docs  not  however 
extend  beyond  the  basal  cell  below. 

There  is  clearly  (^reat  similarity  bctuccn  the  pnKcss  here 
described  atid  that  occurring  in  the  Khodomelaceae.  In 
both  cases,  the  mother-cell  of  the  car|>o^onial  branch  is  the 
proximal  cell  of  a  peripheral  n>w,  the  car|>ogt>nial  branch 
is  4<elled.  the  auxiliary  cell  is  cut  off  from  the  basal  cell 
above,  and  the  basal  cell  f^ivcs  rise  to  other  sterile  derivatives. 
In  short,  if  the  favella  of  ^XntithitmHum^  to(;cther  with  the 
basal  cell  and  its  sterile  derivatives,  were  all  included  in 
a  common  |x:ricaq)  derived  from  the  axis,  the  condition  of 
thin(;s  in  most  Khodomelaceae  would  be  reached. 

It  would  seem  therefore  that  the  KhfHlomelace«iearc  a  highly 
s|)ccialized  family,  whose  ancestry  is  to  be  souf^ht  amonj;  the 
simpler  (cramiaceae. 

GkiiKiTn-iv   i'»KAiM\\.  r.  A,:.  an«!  Gun  1  itiini  \ 

"^i  T  \«  I  A.  C.  A^:- 

The  prtK.irps  iA  i»riv*thiia  i.Ptillifui  have  Ixxn  dcscfil>e<l 
hy  Nae-^eli  ( -IT  t.  .inti  more  fully  by  Janc/e\^ski  tTri).  The 
frrtile  hramhrs  c«in!ii«it  of  three  axt.il  cilU:  the  l**uest  of 
these  ^;ivcs  rise  lo  the  \ilv'rliii  involucre;  the  !iecr>nd  alsii 
^^ives  rise  to  .1  iirelet  of  thiix  hrantlies,  i»tie  i-cellcil,  aiul  two 
i-ielled  ;  wliiiNt  tlu  third  retii.iitiN  w  ithnut  further  dc  vel«*pincnt- 
The  pri'Nini.d  c  t  II  •»!'  each  of  the  2  celled  hiam  hi  s  ari^i^^  from 
the  nolohiI  axial  cell  generates  laterally  a  4-Celletl  cariH>^ontal 
branch,  ••[  iniuh  the  s.ime  apiK-arance  a^  \\\  AHttthammi'n{V\. 
Will.  Ii.:-  I  \\.  ierti'i/.iti'in  having;  taken  place,  an  auxiliary 
it II  15  cut  «ll  the  l>.i!Lil  I  (.11  aU've.  uith  uhiih  the  car|H^oniufn 
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is  in  close  contact.  I  have  seen  again  in  this  species  evidence 
of  the  existence  of  an  ooblastema-tube  connecting  these  cells, 
and  I  have  no  doubt  that  conjugation  takes  place  (PI.  XVIII, 
Figs.  14,  15).  The  auxiliary  cell  then  buds  out  into  the  favella. 
Miss  Smith  ('9( )  has  recently  described  the  cystocarp  in  Grif- 
fitJuia  Dornetiana,  Farl.,  and  shows  that  the  single  procarp 
which  is  there  produced  corresponds,  cell  by  cell,  with  one  of 
the  procarps  of  Grtffitlisia  corallina ;  and  further,  that  no  cell 
within  the  involucre,  other  than  the  auxiliary,  shares,  as  had 
been  previously  supposed,  in  the  production  of  the  spores. 
She  finds  however  no  evidence  of  a  conjugation  between  the 
auxiliary  cell  and  the  carpogonium,  and  hints  that  fertiliza- 
tion may  take  place  by  way  of  the  cells  of  the  carpogonial 
branch  and  the  basal  cell,  regarding  the  fusion  which 
takes  place  among  the  cells  of  the  carpoyonial  branch  as 
favouring  this  view,  I  have  obser\ed  a  similar  fusion  in 
Griffitksia  corallina,  where  however  I  am  satisfied  that  direct 
conjugation  takes  place.  In  this  plant  too,  there  subsequently 
takes  place  a  very  general  fusion,  including  the  second  axial 
cell  and  the  whole  of  Its  products,  even  extending  upwards  to 
the  third  axial  cell.  When  this  occurs,  the  mass  however 
retains  for  some  time  the  outline  wliich  belonged  to  it  before 
fusion,  and  the  genesis  of  the  carpospores  may  still  be  seen 
to  be  confined  to  the  situation  of  the  two  auxiliary  cells. 
This  fusion  is  no  doubt  to  be  associated  with  the  increased 
demands  for  nutrition  consequent  upon  rapid  spore-formation. 
It  is  in  accordance  with  modem  ideas  to  suppose  that  all 
these  spores  derive  their  nuclei  from  the  nucleus  of  the 
auxiliary  cell,  and  it  is  observable  that  though  fusion  takes 
place,  the  spores  are  not  formed  equally  from  all  parts  of 
the  fused  mass.  As  I  have  said,  it  may  be  clearly  seen 
in  Griffitksia  corallina  that  spore-formation  is  confined  to 
the  situation  of  the  auxiliary  cells.  The  auxiliary  ceUs  do 
not  lose  their  identity,  the  other  cells  are  probably  utilized 
for  their  nutrition.  Analc^ous  processes  occur  in  the  ovule 
of  Angiosperms,  when  the  embryo-sac  grows  at  the  expense 
of  neighbouring  cells  of  the  nucellus ;  and  in  the  embryO-sac 
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itself,  \%hcn  the  cnibr>'o  (;rows  at  the  expense  of  cells  of  the 
cndosj)cnn. 

In  Grijffithsia  SiUuca,  the  fertile  branches  differ  in  structure 
fri»m  those  of  Grijfithsia  corallina  and  Crijfithsitt  Hornetiana. 
They  omsist  of  an  axial  row  of  five  cells.  The  first  two 
contribute  to  the  formation  of  the  involucre,  which  here 
consists  of  two  whorls.  The  third  has  no  lateral  outj^rowths. 
The  fourth  (;ives  rise  to  a  whorl  of  branches  of  which  one 
(generates  from  its  proximal  cell  a  typical  carpo{;onial  branch. 
The  fifth  has  no  further  development.  Though  I  did  not 
pursue  the  devcli>pment  of  the  favclla  in  this  S|)ecics,  I  believe 
it  arises  in  the  same  way  as  in  the  other  species. 

It  would  thus  seem  that,  while  the  procaq)  itself  and  the 
development  of  the  favclla  corres|M>nd  closely  in  these  si)ecies 
of  Grifithsia  with  that  already  described  for  AntithamnioH 
Plumula,  yet  each  presents  such  marked  [Kculiarities  of 
structure  in  the  fruiting-branch  taken  as  a  whole,  as  to  make 
It  |>ossible.  one  would  suppose,  to  establish  readily  dintin* 
^uishable  sub-genera,  if  nothing  more,  on  this  basis  in  a 
re\'ision  f»f  the  genus.  Conniilcring  the  great  similarity, 
amounting  almost  to  identity,  sometimes  existing  in  the 
structure  «»f  fertile  l)r;mche^  l>ctwcen  different  genera  of 
I'lT.imiiice.u*  (e  \\  Pttli^ta  and  riuw^ina),  it  is  remarkable 
that  Nar'^rliN  pri»jNH.il  to  <i»und  the  gonun  I !i tcrisfhi^ihiyltum 
to  receive  (if  tfithsut  iciitlhua  and  (trtfhthstti  Si/wusKit  has 
noi  Ik-cii  .iil«»ptid  !»y  latir  writers. 

(   AI  I  111!  \MN!"N    I.KWIIAIIM,    C.    .\g  .   ari.l    (  .MI  ITIIAM- 

\l«>N  UNssnipi  s.  Arn. 

Xhv  pM<arpH  i'f  iliMifcnt  ^jKrcies  ^*(  {\ulitht}iunU'H  aiul 
.illiril  :'«n«i.i  li.ive  Wk\\  \\k^^\\\\k'\\  and  hi^uirtl  liv  liornil  and 
'Ih  iirl  »"#•'»  ai»«l  IM  J.iiu  .'c\%  ^ki  ^TTm.  .md  .Sihmil/  ^'M  . 
Ilii  ii!ls  t»l  uhuli  the)  c«>n-iNt  are  hi»uc\ei  *«»  %mall  .ind 
il<iM*y  |>.uki«l  tliat  it  19  ilitti<iilt  t<»  make  out  their  genetic 
iiiati'Mi  III))  S.I  iiuuli  ^>  that  .S«  limit/  I'H'i)  aiiundid  \\\s 
lariur   di  v.iijt<*fi    I'n    tin    (,;f<<unt|    that    all    other    pnviou^ 
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descriptions,  including  his  own,  had  been  inadequate.  This 
amended  description  was  not  however  accompanied  by  a 
figure. 

From  among  several  species  of  Callitliainiiion  proper  which 
I  have  examined,  I  give  here  the  carlj-  condition  of  the 
procarp  in  CaUHhamnion  granulatum,  and  one  of  a  later 
condition  in  CaUithatimion  byssoides. 

The  carpogonial  branch  in  CaUithamition  gfanulatum 
appears  to  consist  of  four  celis  which  are  included  in  a  common 
gelatinous  envelope  with  the  joint-cc!!  from  which  it  is 
derived.  It  is  probable  however  that  the  branch  is  ^-celled, 
and  that  the  fourth  cell  is  a  sterile  derivative  of  the  proximal 
cell  of  the  branch.  The  joint-cell  also  buds  out  two  cells 
right  and  left  of  the  carpogonial  branch  (PI.  XVIII,  Fig.  20). 

In  Callilhamnion  byssoides,  the  older  Joint-ceils  are  much 
elongated,  and  the  favcUa  is  lax,  approaching  the  condition 
described  by  Bornet  as  seirosporic  (PI.  XVIII,  FJg.  ai).  The 
figure  represents  a  stage  immediately  subsequent  to  fertiliza- 
tion, all  the  procarpial  cells  being  still  recognizable. 

The  interest  consists  in  the  fact  that  two  cells  have  been 
derived  from  the  carpogonium,  right  and  left,  and  are  in 
apposition  with  the  second  cells  of  the  branches  from  which 
the  two-lobed  favella  is  derived.  Schmitz,  in  the  later 
description  to  which  I  have  referred,  speaks  of  the  cutting  ofif 
from  the  carpogonium  of  a  small  cell,  by  means  of  which  the 
conjugation  is  effected.  The  figure  shows  a  pair  of  such  cells. 
Again,  it  is  clearly  the  second  cells  of  the  sporiferous  branches 
that  are  the  auxiliary  cells.  First,  because  the  ooblastema- 
cells  are  in  contact  with  them  only,  and  secondly,  because  no 
sporiferous  threads  occur  below  this  point  on  the  branches. 

Judging  from  the  case  of  Callitkamnion  byssoides,  the  genus 
seems  to  represent  a  specialized  condition  among  Ceramiaceae, 
differing  from  the  simpler  condition  represented  by  Antilham- 
ttiott  Plumula  and  other  species  in  the  3-celled  carpogonial 
branch  ;  in  the  formation  of  two  auxiliary  cells  to  each 
carpc^onium;  in  the  occurrence  of  these  auxiliary  cells  as 
the  second  cells  of  lateral  branches;  and  in  the  conjugation 
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iKtuccn   the  c.ir|)0{Tr>niuin   and    Uk.>c   auxiliary  cells   being 
ifTrctctl  by  distinct  oohlastcm.i-cills. 


CKRAMIIM    TKNTISSIMIM,  J.  G.  Aj^. 

As  is  well  known  from  Janc7.e\v.ski's  description  (*7fi),  the 
jjcnus  Ccramium  presents  a  case  which  contrasts  in  an 
intcrcstinj^  way  with  that  prcsenteil  by  Callithamnion,  While 
in  Callithamftion  the  pntcarps  consist  of  one  ciqxigrmial 
branch  with  two  auxih'ary  cells,  in  Ceramium  it  consists  cif 
f)ne  auxiliary  cell  and  two  carpo(;onial  branches.  Ruh  are 
e^iually  specialized  diveri^cnces  from  the  more  primitive  tyi>c, 
luit  in  (piitc  ditTercnt  directions. 

The  plant  whi»sc  procarp  I  have  fi^jured  (11.  XYIII,  Fijj.  19) 
is.  I  believe,  Ct'ramium  tcnuissimum  J.  G.  AtJ.,  a  ver>'  delicate 
diaphanous  s|>ecics.  I  nejjlcctcd,  however,  to  collect  tetra- 
siMuifcrous  plants,  by  which  the  plant  is  more  readily  distin- 
l^uisheii  from  its  conveners.  rn>m  the  figure  it  will  be  seen 
that  the  auxiliary  cell  b  not.  as  liornet  and  Janczewski  have 
supix»>ed.  the-  mother-cell  of  the  two  caqio^^tmial  branches, 
but  a  later- formed  8U|>erior  cell.  I'he  branches  are  4-celled, 
tis  is  very  i^cner.illy  the  ca^c  in  C'erami.icrae.  The  trichojjyne 
has  t>cen  shut  «>tt  in  the  procarp  on  the  ri^ht  in  the  ft^^ure,  and 
the  rcmaiuN  of  the  o«)ti!.iNtima*tut>e  by  uhich  the  caq><>^M>nium 
.iful  the  ai:\il.ary  c^U  h.id  bun  put  in  lonncxum  was  seen  as 
fipjc^cntni.  N"  conju,;ation  setins  to  have  taken  place  in 
tlu-  ta>c  i»f  the  >(io!ul  cai {M»,^iniiini. 

The  caM*  "I  (1/1IW///W.  apart  from  the  diipl'cati»»n  of  the 
t  .u|»'*;;'>iii.i!  l.r.ir.ilits.  IS  a.:a-ii  \cry  similar  to  tin*  primiti\e 
( •»ruli:i*t)  i!(   irii'ff!  I'-r  .\fttit»,amni%u  l^luuiuLi. 

I'lM'  I  \  M  I  M-N\,(     A-:    A\\y\  I'l.i  M  \l.l\  M  I  •vN'-.  n«>nnrm. 

J'itttt;,t9  t*i  t.'t,:»i':s  i>  the  /*fi.\  f.i  i<f/ii<i  ot  the  I'hy^tlit^tA 
Hfit.itui:t  a.  .im!  fcMitiMrs  /'/:/.  A;  /^.'/w;«j.i  so  rniKh  that,  as 
li.ii\r\    t<  1  '  It   w.iH   .it   tiiNt   i-Mtn  ii'fiMdirid  a  shallow- 

u.itii    !>irti*  <  t   tii.it    •••<«-\u-'«      U  itit  (l<tM.r  itltvicrxation  it  wa« 
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soon  found  to  be  a  distinct  spccits,  and  it  has  now  gone  into 
a  distinct  genus. 

The  procarps  of  Plumaria  elegans  have  been  described  by 
Bornet  {'?6).  He  considered  them  to  resembk-  in  all  essentials 
the  procarps  of  Catlithamnioti  elcgans,  which  he  has  figured. 
On  account  of  this  similarity  he  proposed  to  rename  the  latter 
plant  Ptilota  Sckousboei.  For  this  plant,  however,  Agardh 
('!I2)  has  thought  it  desirable  to  found  a  new  genus,  Gymno- 
tbafitnioti.  The  fact  remains,  that  Hornet's  figures  of  Calli- 
thanmioH  elegans  were  regarded  by  him  as  illustrating  in  all 
essentials  the  cage  of  Plumaria. 

Very  recently  Davis  ('96c)  has  given  a  full  description  of  the 
development  of  the  cystocarpin  three  American  plants:  Ptilota 
serrata,  Kiitz  (an  Atlantic  species) ;  Ptilota  plumosa,  C,  Ag., 
and  Farlow's  variety  filicina  of  Ptilota  plufttosa  C.  Ag.  (both 
Pacific  species).  These  species  are  represented  by  the  author 
as  being  greatly  divergent  in  the  morphology  of  the  procarpial 
branches  from  any  other  species  of  Ceramiaceae,  and  he  founds 
upon  these  peculiarities  a  theoretical  superstructure  of  great 
interest. 

My  own  investigations  upon  the  development  of  the  favelLae 
in  Piilt/ta  plumosa  and  Plumaria  tUgatts  lead  me,  however,  to 
put  quite  a  diflTerent  interpretation  upon  the  morphol<^cal 
characters  they  present,  and  to  dissent  from  the  theoretical 
conclusions  advanced  by  Davis. 

The  procarpial  branches  of  Ptilota  plumosa  and  Plumaria 
elegans  are,  as  in  the  American  species  also,  smaller  pinnae 
alternating  with  larger  vegetative  pinnae.  Upon  these  the 
favellae  arise  in  an  apparently  terminal  position,  surrounded 
by  an  involucrate  whorl  of  sterile  branches. 

The  penultimate  cell  of  the  procarpial  branch  may  be  seen 
to  bulge  outwards,  i.e.  away  from  the  axis  upon  which  the 
procarpial  branch  is  borne.  A  cell  is  soon  cut  off  on  this 
side,  and  the  apical  cell  is  deflected  inwards.  From  these 
three  cells,  the  apical  cell,  the  sub-apical  cell,  and  the  peri- 
pheral cell  derived  from  this  sub-apical  cell,  there  now 
arisps  a  group  of  five  branches,  each  of  which  ends  off  in 
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a  tticlio;;ync-likc  priHZCss.  Of  thc2>c  branches  one  is  terminal, 
and  is  more  an  axial  structure  than  a  branch*  lK*in^  a  direct 
continuation  of  the  apical  cell:  inchulin^  the  cell  from  which 
it  i.H  cliTived,  it  is  invariably  a  v<-^^*^I^I  structure.  The  sub- 
apical  cell  ^ivcs  rise  to  two  branches  i*nc  above  and  one 
Ik*U>w,  each  of  them  bein^;  V<^<^11^'^-  ^1^^*  |>criphcral  cell  also 
(^ivcs  rise  externally  to  two  filaments,  one  4-celled  and  one 
.^celled.  The  order  in  which  they  have  been  now  enumerated 
is  not.  however,  the  orilcr  in  which  they  arise.  The  first  to 
arise,  it  is  agreed,  is  the  4-ct:lletl  external  branch.  The 
car|x»^eiious  branch  is  also  derived  from  the  same  peripheral 
cell  fr*m  which  originate  the  two  external  branches. 

.Ml  thi-sc  five  filaments,  the  terminal,  two  lateral,  and  two 
cxtrm.d,  anr  considered  by  Davis  ti>  be  equally  carpo^^oaial 
branches.  Hrf«>re  the  publication  of  this  view.  I  had  already 
in  the  summer  of  |H0  cxaminc*d  Ptilota  flttmosa^  and  had 
come  t«)  the  conclusion  that  only  one  of  them  is  a  true  carpo- 
^onial  branch,  the  other  four  bi-in^j  mere  vejjetative  filaments 
terminating  in  hairs.  To  the  latter  I  had  already  given  in 
my  notes  the  name  *  pseu<lt)-trichophores.*  L'i)on  readinj; 
Davis's  very  clear  di  script  ion.  I  a.;ain  examined  the  procaqis 
<»f  Ptili'tii  flumosa,  and  extended  fny  observations  to  lUumaria 
fi.'i^ivts,  with  the  re«»ult  that  my  earlier  <ipinii>n  was  confirmetl. 
The  4-c«llet!  external  c.irjHi/.oni.il  branch  is,  aci'«>rdin^ 
!•»  my  \ir\\.  tlir  only  true  pr(>c«iip  pi«.NChl,  tlie  other  f«>ur 
Inin^  ve^^etativr  stmctiirts  My  rcis^m^  I'^r  h<>l4!in'^  this  view 
I  submit  bel«»\v. 

I.   In    tlir    first    pi  u  e.    this    extern.il    4-n  Ilnl    br.mrh    has 

;;r«.it<T   iiio!p!i..l«»;;ic.il   fixity  th.m   any  i»t!iii    bi.mch    m  the 

;r«'iip.      It    "«    the*    tir^t    f<>rnuM.  .itul   tlic   i>ii!y   one   uhuli    \> 

nxari.ttil)     pri  vnt        D.ims    .iI^iiIi-a    i'»    tin*    ik:c  i.:'»n.il    Mip- 

jiftsstoti  if  tilt'   -tionM   t  \t(*in.i!   Iiianih   aii<l   -f  **\\r  ft    Uith 

•  »l    thr    l.ili  i.il    lii.iil' lu-s        In  /\t»*'i.ir  t,t   t.\\  t:i.  \\\\i\.U    I    h.i\e 

••i.jii'l    t«»    I-  firs-.. .•!'..'.    I  l.i'«.  !v    u.th    /'.'I.'. /.I   /.'//«,    ui    m    the 

.;<  ncr.«!  in   i;-:.  >!  ■    \   ••!  i!^  pi>K  .irp;.il   bt.mi  h   .ill  thr  tilanicnts 

itht  r  tli.in  iIm    4  •«  !i«i!  (Xti  in.il  bi.inih  in.iy  m main  at  tinier 

niHi(\«l    {M>!.    atfil    It     IS    r.iri     t**    find    tli«     uhitli      five    e\i  r 
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developed  together.  The  4-celled  external  branch  is,  how- 
ever, always  present  and  always  complete.  Then  again,  while 
the  number  of  cells  in  other  filaments  varies,  though  the 
number  is  usually  three,  the  branch  in  question  is  invariably 
4-celled.  In  Plufnaria^  moreover,  I  have  found  the  cells  of 
other  branches  occasionally  bud  out  peripheral  cells,  therein 
indicating  their  vegetative  character  (PL  XVIII,  Fig.  17). 
This  never  occurs  in  the  more  highly  specialized  cells  of 
the  true  procarp. 

2.  This  4-celled  external  branch  is  the  only  one  which 
comports  itself  in  its  staining  and  other  properties  like  t^^ 
carpogonial  branch  in  other  Florideae.  Treated  with  Hoff- 
mann's blue,  this  branch  stains  more  readily,  and  retains  the 
stain  more  tenaciously,  than  any  other  branch  in  the  group. 
Indeed,  little  distinction  can  be  drawn  between  the  behaviour 
of  the  other  branches  and  those  making  up  the  involucre. 
All  young  cells,  it  is  true,  stain  deeply  with  this  re-agent,  but 
the  cells  of  the  true  carpogonial  branch  retain  this  capacity 
as  long  as  they  can  be  distinguished.  Again,  treated  with 
glycerine,  the  cells  of  the  true  procarp  swell  up  much  more 
than  those  of  other  branches,  a  circumstance  which  may  be 
seen  even  in  Davis's  figures,  where,  however,  the  gelatinization 
of  the  walls  is  very  general.  The  true  trichogyne,  too,  is 
more  gelatinous  than  the  terminal  hairs  of  other  branches. 
In  the  latter  1  have  often  seen  a  bend  with  a  kink,  like  that 
which  appears  in  an  india-rubber  tube  which  is  sharply  bent. 

3.  Thirdly,  this  4-ccllcd  branch  corresponds  in  form  and 
juxtaposition  to  the  carpogenous  cell  of  the  procarps  of  other 
Ccramiaceae.  All  Davis's  figures  show  faithfully  a  crcscentic 
curvature  in  this  branch,  which  permits  it  to  be  readily  dis- 
tinguished. Other  branches  arc  straight,  or  only  slightly 
curved ;  this  is  so  sharply  bent  as  often  to  bring  the  carpo- 
gonium  back  to  the  mother-cell  of  the  branch,  and  always 
sufficiently  far  to  bring  it  into  close  contiguity  with  the 
carpogenous  (auxiliary)  cell  derived  from  it.  When  Davis 
says  that  in  Piilota  the  trichogyne  (a  term  in  which  he 
includes   both   the  trichogyne  proper  and  the  carpogonium 
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cif  Schniitz)  is  *  s<>  far  removed  from  the  carpogenous  ecll  thai 
fusion  would  hardly  be  |K)ssible  except  through  the  a|;ency 
of  an  ooblastcma-filament/  presumably  meaning  one  of  some 
considerable  length,  he  is  surely  thinking  of  the  remoteness 
of  the  sup|x>setl  trichogynes  of  other  branches.  As  I  have 
already  said,  between  the  carpogmium  of  the  true  procarp 
and  the  car|K»g(nous  cell  there  is  only  the  separation  of  the 
commcm  cell-wall. 

Starting  upon  these  two  assumptions,  (1)  that  all  the 
branches  bearing  trichogyne-like  hairs  are  true  procarps, 
and  I  2)  that  all  the  car|K>gonia  are  equally  remote  from  the 
car)Mvgcn<»us  cell,  l>oth  of  which  I  cannot  but  regard  as 
erroneous,  Davis  omtends  that  the  evidence  favours  the  view 
that  the  favcllae  of  PtiloUt  are  produced  apogamously.  In 
foimer  |>a]>ers  {^W^  a  and  *IH)  A)  Davis  has  expressed  doubts 
u|ion  the  (*ccurrrnce  of  a  sexual  process  in  Batrachospermum 
and  Champiit^  and  it  would  now  seem  that  he  is  disposed  to 
include  many  other  Florideae  in  the  s.ime  category.  Into 
the  discu*>sion  of  the  general  question  I  do  not  propose  to 
fi>lIow  him  further  than  to  say  that  a|>ogamy  may  yet  be 
found  to  iK'cur  in  Florideae,  as  in  (»thcr  groups  <if  plants,  but 
ili.it  thrre  In  no  rvidence  in  favour  of  the  theory  that  it 
*««  iMirN  in  /V/ZiYif. 

In  t'iitth<-r  *^up(M»r(  of  this  \ir\v.  hf>wi'vrr.  Davis  refers  t(» 
tlir  fait  that  no  antlu*iidtal  plantN  of  l^ttiota  sntaUt  or  of 
l*iUi  tit  plumcs^i  h.u!  iMt-n  nj^ort^tl.  Fur  the  anthrriilia  of  the 
Ailantii'  sjUHirs  he  nude  a  d«-t(  rminetl  sear(.h,  hut  without 
siiiiCHi.  I  |><«n  rcMi'ing  this  1  det  idnl  to  ovirluul  my  prc- 
-<  ivol  niatiiial  I »f /V/A'Ai //#««»/<' tff.  which  ha«l  l>em  C««llrcteil 
):f>w«*\rr  t"i  thr  s.ike  of  procarp- bearing  plants.  I  had  no 
i!.fYi(tiItv  in  findin;:  ncvcral  tine  anthcriiiial  plants  v^huh  had 
lii  rii  K-.i  lt:.li  il  uiiint<  ntionally.  The  antheiulia  c>>\rr  the  tips 
•  I  the  l>r.in«  Ik -•.  .mil  iori(np«-nd  1  |i>m  ly  in  apjHararuc  to  the 
ii.ilai  Htriiiturr>  in  l^lum.ttta  uhi*  h  ha\c  lieen  li^^uretl  by 
IliiMliiin  ri<»»  An  faf  thiirl-»ic.  a^*  the  /Vi/.-Ai  ^/'iW.-Jil  of 
\\\A\  \\  v%.itri>  I  •  Hx  iiiKi!,  till*  tlirnry  of  a|x>^ani>  rrici\es 
n>i  sij'iN.rt   trofii  thr  ab>ctu  e  ur   in'rripirnt  y  of  nule  plants. 
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I  have  also  repeatedly  found  spermatia  attached  to  the  tricho- 
gyne,  i.  e.  the  true  trichogyne,  never  to  one  of  the  trichogync- 
h'ke  hairs.  Between  the  carpogonmm  and  the  auxiliary  ceil, 
moreover,  I  am  convinced  that  conjugation  takes  place  by 
means  of  an  ooblast  em  a- tube.  I  have  seen  evidences  of  the 
existence  of  the  tube,  and  have  shown  those  preparations 
to  others. 

With  reference  to  the  passage  in  the  later  writings  of 
Schmitz  {'92)  upon  the  process  of  conjugation  in  Callithamnion , 
though  the  account  is  brief  and  unaccompanied  by  figures, 
Davis  is  mistaken  in  supposing  that  it  is  wanting  in  precision. 
Schmitz  says,  not  that  he  is  '  inclined  to  believe  that  ooblas- 
tema-filamcnts  or  their  equivalent  exist  in  CaUUhamnion'  but 
that  he  obtained  similar  evidence  of  a  real  conjugation  in 
Ceramiaceae,  to  that  which  had  previously  been  obtained 
from  Dudrcsnaya,  Polyides,  Ghiosiphonia^  Pefroeelis,  and  other 
genera  of  Cryptonemiaceae.  From  my  own  observations 
I  may  add  that  I  have  seen  this  conjugation  in  several 
species,  and  I  have  certainly  never  found  in  any  species  of 
Rhodymeniales  any  procarp  in  which  the  carpogonium  and 
auxiliary  cell  were  so  situated  that  conjugation  could  not  take 
place  between  them  by  means  of  a  short  tube. 

To  revert  now  to  the  comparison  of  PHlota  and  Plumaria 
with  other  Ceramiaceae,  it  is  clear  that  they  correspond 
closely  in  the  essentials  of  their  procarpial  structure  to  the 
primitive  condition  displayed  in  Antithamnion.  The  presence 
of  a  number  of  sterile  filaments  in  tlie  neighbourhood  of  the 
procarp  usually  terminating  in  hairs,  as  well  as  the  presence 
of  an  involucre,  show  a  considerable  amount  of  specialization 
and  departure  from  the  simpler  type. 
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EXPLANATION    OF    FIGURES   IN    PLATES 

XVII  AND  XVIII. 
niusUating  Fiof.  I'hillips'  paper  on  Ibe  Cystocarp  in  Kbodjtiieaialei. 

Abbrenitioni  i  aux.  i.,  anxiliar)-  cell ;  gen.  hi..  gonimobUH-lilBincnli ;  .</.  hr., 
deriU  br&Dch  :  ps.  Ir.,  ptcDdo-Irichophoieii  Ir,.  trichogyne. 

Tbe  m&terial  was  Ttsnally  (ixtA  in  focmaldehTde,  and  after  staining  in  HofTniBnii'i 
blue,  monnteil  in  ilrong  glycenne;  The  cells  shaded  arc  those  of  Ihe  otrpogonial 
branch;  the  red  celts  are  ittMile  derivi.lircs  of  ihe  mother- cell  of  the  carpngonial 
branch.    The  more  heiiil)'  defined  cells  are  those  of  the  gonimublasl-fiUmenti. 

PLATE  XVII. 

Figs,  I,  J,  J.  Median  views  of  three  stages  in  the  development  of  the  eysio(arj> 
in  Bimiumaiieiiia  aifarBipitlfs . 

Fig*-  4i  5>  Si  7-  Median  views  of  four  stages  in  Ihe  developnieBl  of  the  cystaiaT|i 
in  f^amium  lefciiitHm. 

Figi.  B,  g,  lo.  Median  views  of  three  stages  in  tlie  development  of  tlie  cystocarp 
in  CalUilifhaiii  dliaia. 

PLATE  XVIIL 

Fig.  II.  Apical  poilioii  of  a  branch  al  AntilkamnieH  numula.  showing  two 
{Kocarps. 

Fig.  II,  Later  s'age,  showing  conjugation  of  tlie  carpogooiuro  with  the 
anilliarj  eeU. 

Fig.  13.  Fertile  branch  of  Griffithsia  terallina,  showing  condition  immedialely 
sub«cqaent  lo  feniliialion. 

Fig.  14'  Stage  showing  conjugation  of  cnrpogoDium  with  auxiliary  cell,  and 
fnsion  of  cells  of  the  caipogonial  branch. 

Fig.  15.  Later  singe,  showing  remains  of  conjugation-tube  in  swollen  cetl-vrall ; 
the  gonimoblatt-filalnenls  have  begun  to  develop. 

Fig.  16.  Median  section  of  end  of  procarp- bearing  branch  in  Plihta  fluinesa. 

Fig.  17.  Median  section  of  end  of  procaip- tearing  branch  in  Plumaria  iltgam. 
The  pMndo-tricbophore  on  the  right  is  budding  off  vegetative  cells.  One  of  the 
branches  of  the  involncre  has  become  a  psendo'trichophore. 

Fig.  18.  Later  stage,  showing  conliguity  of  earpogonium  and  auxiliary  cell  in 
rtilBla  plumnsa. 

Fig.  19.  Shows  the  two  carpogoniat  branchea  in  Ctramium  Unuissimuni.  In 
one  case  coajugalion  of  earpogonium  and  auxiliary  cell  ii  taking  place. 

Fig.  10.  Young  procaip  of  CalHthamnitn  granttlalum. 

Fig.  21.  Later  stage  of  CaUithamnien  hyssoidis.  The  caqiogoninm  has  grown 
out  into  two  gonimoblast -cells  right  and  left,  which  art  closely  opixned  lo  the 
auxiliary  cells. 
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Obolaria  virginica  L.:  A  Morphological  and 

Anatomical  Study. 


THEO.  HOLM. 


-♦♦- 


With  Plate  XIX  and  Woodcut  6. 

FEW  plants,  as  regards  both  habit  and  relationship,  have 
puzzled  botanists  more  than  the  one  known  as  Obolaria 
virginica,  and  a  comparison  of  the  various  diagnoses  which 
have  been  made  of  it,  even  up  to  a  recent  date,  shows  that 
it  is  as  yet  generally  very  imperfectly  known.  To  thoroughly 
understand  this  plant  it  is  necessary  to  study  it  in  a  living 
state  on  the  very  spot  where  it  grows.  The  many  and  diverse 
opinions  expressed  in  regard  to  its  true  nature  arise  from 
a  study  of  the  dried  material  only. 

The  name  itself  has  quite  a  history.  The  plant  which  is 
now  dedicated  to  Linnaeus  as  Linnaea  borealis  was  the  first 
one  to  be  called  Obolaria,  this  name  being  applied  to  it  by 
Siegesbeck.  Gronovius,  or  rather  Linnaeus  himself,  however, 
changed  the  name  of  this  plant  to  L  innaea  borealis,  and  trans- 
ferred to  our  North  American  gentianaceous  plant  Sieges- 
beck's  name,  Obolaria,  which  it  still  bears.  The  history 
of  this  plant,  however,  is  much  older  than  its  present  name, 
extending  back  to  the  days  of  Plukenet  and  Morison.  The 
former  called  it  Orobanche  virginiana,  and  in  Morison's  and 
Ray's  works  it  is  known  under  the  same  name.  Later  it 
was  described  by  Clayton,  but  under  no  special  name,  it  being 

[Annalt  of  Botany,  VoL  XI.  No.  XLIIL  Septambtr,  1897.] 
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spoken  of  as  Anonymos  kutitilis,  and  it  was  after  this  that 
Linnaeus  gave  it  the  name  it  now  bears. 

The  Sckiillzia  obolarioides  of  Rafinesque  does  not  seem  to 
be  identical  with  this  plant,  Judging  from  a  comment  in  the 
author's  diagnosis,  in  which  he  says, '  It  is  very  near  akin  to 
Obolaria ' ;  and  also  from  the  fact  that,  according  to  his 
description,  the  calyx  and  corolla  do  not  correspond  with 
these  organs  in  our  plant.  Notwithstanding  these  differences, 
however.  Otto  Kunze  adopted  the  name  given  by  Rafinesque, 
changing  obolarioides  to  virginica,  O.  K. 

Considered  from  a  systematic  standpoint,  there  is  a  great 
difference  of  opinion  in  regard  to  the  classification  of  this 
plant.  For  instance,  Elliott,  Persoon,  and  Walter  placed  it 
under  Didynamia,  and  Meisner  under  Scrophularineae ;  End- 
licher  believed  it  to  be  related  to  these  families;  Bartling, 
Clayton,  Don,  Jussieu,  Lindlcy,  Morison,  Plukenet,  Rafinesque, 
and  Ray  placed  it  under  Orobancheae,  while  Linnaeus  and 
Willdenow  alone  considered  it  as  Orobanckcis  affiiiis.  Credit 
is  due  to  Nuttall  for  classifying  it  under  the  Gentianeae, 
and  to  Darlington  for  having  observed  that  the  stamens  are 
equal  and  not  didynamous. 

Although  the  true  systematic  posiuon  of  the  plant  has  been 
ascertained,  there  still  remain  several  points  to  be  settled.  The 
peculiar  aspect  of  the  plant,  especially  when  dried,  has  led 
botanists  to  suspect  that  it  is  a  saprophyte  or  even  a  parasite. 
Gray  speaks  of  it  as  '  suspected  as  partially  parasitic ' ;  Johow 
says  it  is  '  an  almost  chlorophyll-free  humus  plant ';  Knoblauch 
believes  it  to  be  'an  imperfect  saprophyte';  Gilg  thinks  it 
is 'doubtless  a  saprophyte';  and  Don  has  declared  that  it  is 
'  terrestrial,  not  parasitic.' 

These  statements,  tc^cther  with  the  diversity  of  opinion  in 
regard  to  the  supposed  relationship  to  the  Orobancheae,  as 
indicated  above,  show  the  general  lack  of  knowledge  in  regard 
to  the  true  nature  of  the  plant. 

Notwithstanding  the  fact  that  elaborate  studies  of  the 
Obolaria  virginica  have  been  published  by  Baillon,  Gilg, 
Gray,  and  Knoblauch,  there  is  as  yet  no  detailed  description 
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cxtfint,  and  it  is  with  the  ht>|x;  of  adilini;  to  the  kno\vlci1j»c 
of  this  plant  and  4»f  encoura(;ing  lx»tanists  to  find  additional 
facts  in  rcjjard  to  it  thai  we  venture  to  ^'ive  here  some  data 
concerninj;  it. 

X'arious  descriptions  of  the  inflorescence  of  Oholaria  ti>- 
f^imca  have  l>ecn  given.  Gray  first  descrilied  it  as  centrifugal, 
l>ut  Liter  described  it  as  a  raceme,  with  the  flowers  *  in  clusters 
cif  three,  terminal  and  axillar>'  or  solitary  * ;  lientham  and 
Hooker  C(»nsidercd  it  a  spike.  However,  the  fact  is  that  the 
flowers  are  arranged  in  three,  or,  by  al)ortion.  one-flowered 
cymes.  Often  small  s|>ecfmens  show  only  a  single  flower, 
which  is  terminal,  and  at  the  sides  of  which  rudiments  of  two 
lateral  flowers  arc  usually  fi>und.  In  large  s|>ccimens  the 
number  of  normally  develo|R^  flowers  may  reach  twenty-one, 
with  rudiments  of  twelve  others,  thus  corres|x>nding  to  one 
terminal  and  ten  lateral  three- flowered,  or,  by  al>>rtion, 
one-flowered  cymes.  This  is  a  cymose  inflorescence,  which, 
according  to  Kichler,  is  common  in  the  (lentiancae. 

Usually  the  flowers  are  sessile,  and  the  |H:duncleH  of  the 
inflorescence  short,  excepting  in  the  case  of  the  louer  ones.  On 
examining  the  flowers  two  free  calyx-leaves  will  Ixr  seen,  and 
this  singular  fact  h.is  givin  rise  to  the  supp>s-tion  that  ( ^KlttruM 
has  no  caU  X,  but  tw(»  bracts  instead.  Linnaeus  considered 
thin)  a  |>.iir  of  bracts,  while  Klli«»tt  stattd  that  they  pnttubly 
l»crftirni  the  (un<  tii>n  of  a  calyx.  I'ivcn  H.iil!i»n  in  his  mono- 
..f.ipli  ot"  the  (ientiancae  descriln-d  the  flowers  of  ('A/4I//1I  as 
•fli'tc*  astp.di.'  It  is  true  that  the  lalyx  of  (*.'•»/,// i.i  x^  very 
(iittirrnt  I'lom  that  (»f  the  ordinary  Cicntianeac.  not  «*nlv  on 
.liK'Unt  of  the  »»u|»pressiitn  of  the  tuo  leaves,  but  .iImi  bec.iUM: 
thi*!ic  wliiih  .ire  (!ivel>i|K«!  are.  uith  the  exteptinn  th.it  they 
ire  smaller,  similar  to  the  stcni-leaxcs  arid  the  bracts,  having 
the  s.ime  spitiil.ite  ^h.ijK*.  uith  rourulcti  a|H;x.  and  exactly  the 
s.ime  nerv.iti  n  I  In  ir  lat<  r.il  inar-.iin^  .ire  ^Ii^'htly  iriv«>lutc, 
titiiuin^;  .in  (n\e!«'pe  ar>*uiid  tlu*  tlMUi  r<,  thii*^  |K-ri>  riiiin-;  the 
true  fumtiot)  ••!  an  ordinaiy  calyx.  (>\iing  ti»  th<*  fact  that 
the  |M.Mti-n  <•!  the  i.i!\\  havis  in  the  «'nr  fluwernl  inflo- 
t«s((:iti    ( <  >iri>|M>nt)N  t  '  til  it  of  trti<    pr*-|»li\  II 1.  Ihi  tg  ^ituattt! 


372  Holm. — On  Oboiaria  virg'nika. 

at  the  right  and  left  sides  of  the  flower,  they  might  at  first 
glance  appear  to  be  two  prophylla.  In  the  woodcut  the  single 
flower  A  shows  this  arrangement  very  clearly.  If  the 
median  three-flowered  Inflorescence  in  the  same  figure  is 
observed,  it  will  be  seen  that  this  arrangement  does  not  occur 
in  the  central  flower.     In  this  flower  the  leaves  {c  and  e)  arc 


Woodcut  6. 


situated  in  the  front  and  back  of  the  flower,  and  not  at  the 
sides.  The  two  bracts  {B)  might  be  considered  as  the  pro- 
phylla of  the  median  flower,  their  place  being  to  the  right  and 
left  of  it.  The  difficulty  in  this,  however,  is  that  if  c'  and  e- 
are  the  prophylla  of  the  lateral  flowers,  the  median  would 
have  not  only  two  prophylla,  but  also  two  calyx-leaves.  It 
will  be  seen,  therefore,  that  this  conclusion  would  not  be 
natural,  and  it  must  necessarily  be  supposed  that  the  flower 
of  Oboiaria  has  no  prophylla,  but  only  a  two-leaved  calyx. 
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In  rcganl  t(»  the  corc»lla.  it  may  be  said  that  this  is  rq^ular, 
cam[>anulAtc.  and  deeply  four-Iobcd.  as  described  by  the 
various  authors.  In  some  specimens,  however,  we  have 
noticeii  a  fivclobcd  corolla.  Notwithstanding  this,  these 
flowers  had  only  two  calyx-leaves,  and  the  corolla  was 
distinctly  bilabiate,  with  the  lower  lip  threc-lobed.  In  such 
flowers  there  were  but  four  normally  developed  stamens,  with 
a  rudiment  of  a  fifth.  corrcs|>ondin(;  to  the  su|)cmumerary  fifth 
corolla-lobe.  The  fact  that  some  botanists  have  been  led  to 
believe  that  the  plant  is  Orobanchaccous  may  be  due  to  their 
having;  observed  these  abnormal  flowers,  ami  also  from  the 
sini^ular  foliage  in  connexion  with  the  coralloid  r(x>t-system. 

Another  |>oint  of  interest  which  so  far  seems  to  liave  been 
overlookcil.  is  that  the  corolla  of  OMaria  bears  nectaries. 
When  the  corolla-tube  of  a  living  specimen  is  opened,  there 
is  distinctly  visible  at  the  base  of  each  stamen,  almost  midway 
between  the  base  of  the  filament  and  the  base  of  the  corolla- 
tube,  a  small,  lobate,  papilliferous  scale  (Plate  XIX,  Fig.  1). 
As  this  scale  was  found  in  all  the  flowers  we  have  so  far 
examined,  it  doubtless  is  a  constant  character. 

Gilg  has  given  a  number  of  figures  illustrating  the  nectary 
in  the  genus  Surfrtia,  There  is  a  great  similarity  between  the 
nectary  of  .V.  mk/fuait/is,  Don,  and  that  of  Oholarun  Vir/^tHua, 
and  therefore  (iray  iN  wrong  in  vaymg  thai  the  corolla  of 
i^Maria  has  no  apixMulagis.  Haillon's  statement.  *  les  fos- 
settcs  diN|Mr.iissent  dans  les  Hartoni.is  et  les  ( )l>oIarias/  is,  on 
the  other  lun«l,  ne.irly  correct,  since  the  gn>ovrN  in  the  corolla 
•  »!  {^KliUht  ,ue  very  im|Krfeit.  Hcntham  ami  n«H>kcr  have 
placed  our  pl.mt  .im«»ng  the  Sueerlic.ie.  with  'corolla  rfovco- 
l.ita  ' ;  (iilg  h.iN  s«'|>aratrd  i»ur  ^enus  from  the  Sweertieae  and 
their  r(l.iti«»ns.  and  Kni>blauch  ha^  followol  lUntham  and 
Hooker.  'Ihe  in«li(  .itii-ns  are.  hi»wrver.  that  <  */-i«/i  if /ii  i* 
cloM  ly    fel.itr«!    to   the   griiiis   •S;iV*T//<i. 

Another  f.u  t  uhith  h.is  n«>t  been  pfcvi<iii<Jy  n<>tiiid  is  that 
^lamluLir  h.llr^  1  V\  XIX.  Ii^j.  ^)  are  prexnt  in  the  sinuses  i>f 
the  t  •rtftli.i  li.itllfn  s|»<4ks  i\{  the  pre%enir  <>|  nU(  h  hair^  in 
the    .i\iU     A    thr    ))raitc"!(^    u  .il\  x  lr«i\e^).    ind    Kn«>bUuvh 
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observed  the  same  not  only  in  the  axils  of  the  calyx-leaves, 
but  also  in  those  of  the  bracts  and  stem-leaves. 

In  Obolaria  the  stamens  are  equal  in  length.  The  anthers 
were  figured  by  Gray  as  sagittate,  but  they  are  not  sttictly  3o ; 
and  the  pollen -grains,  which  he  described  as  '  globose  and  very 
smooth,'  are  oblong,  with  the  exine  distinctly  granulate.  The 
ovary  is  one-celled,  and  contains  a  large  number  of  ovules, 
which  are  scattered  all  over  the  inteiior  surface  of  the  two 
carpels.  In  this  respect  it  differs  from  the  other  Gentianaceae, 
willi  the  exception  of  Barioiiia  and  Phurogync ;  and  as  this 
last-named  genus  belongs  to  the  Sweertieae,  this  is  another 
indication  that  our  plant  is  related  to  this  group.  The  ovules 
are  anatropous  and  monochlamydcous,  and  the  funiculus  is 
rather  long.  Occasionally,  however,  we  have  observed  that 
some  rudimentary  ovules  were  atropous,  and  seemed  destitute 
of  any  int^ument,  thus  resembling  those  of  the  genus  Voyria. 

The  foliage  shows  a  marked  uniformity  as  regards  shape 
and  structure.  The  leaves-  are  opposite,  excepting  those 
at  the  base  of  the  stem,  which  are  sometimes  alternate. 
This,  however,  is  usually  due  to  an  occasionally  forced 
curvature  of  the  stem  while  protruding  from  the  soil.  The 
shape  of  the  leaves  is  spatulate,  this  form  predominating  in 
the  stem-leaves,  the  bracts,  and  even  in  the  calyx-leaves. 
At  the  base  of  the  stem  they  are  sometimes  more  or  less 
scale-like.  The  position  of  the  leaves  is  somewhat  singular, 
standing  in  a  vertical  position  and  being  often  closely  ap- 
pressed  to  the  stem  and  flowers,  in  which  latter  respect  this 
plant  shows  a  certain  resemblance  to  the  Orobancheae.  The 
colour  of  the  leaves  ia  also  characteristic,  being  of  a  deep 
purple  hue,  with  only  a  slight  shade  of  green.  As  we  have 
before  stated,  several  writers  have  expressed  the  idea  that 
Obolaria  may  be  partly  or  entirely  destitute  of  chlorophyll. 
The  colouration  is  due  to  the  large  amount  of  anthocyan 
dissolved  in  the  cell-sap  of  the  epidermis  and  present  in  the 
greater  part  of  that  tissue.  In  this  way  the  chlorophyll 
is  almost  entirely  concealed,  since  only  the  mcsophyll  is 
chlorophyll-bearing.     Ry   immersing    the    leaves    in    strong 
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alcohol,  the  anth(»cy.in  lo>cs  its  colour,  while  the  chlorophyll 
stains  the  alcohol  a  rich  ^reen.  It  may  l>c  ailded  incidentally 
that  it  was  by  this  s<'imc  niethtxl  that  chlorophyll  was  dis* 
coviTtd  in  the  bn»wni>h- coloured  Xrottia,  which  for  a  hmg 
time  was  believed  to  l>e  without  chlorophyll. 

The  anatt»my  of  the  leaf  also  shows  some  points  of  interest. 
The  cuticula  is  rather  thick  and  wrinkled,  and  the  cell-walls 
of  the  epiilermis  are  strongly  undulate,  except  where  the 
strata  c<»ver  the  ner\xs,  at  uhich  points  they  arc  almost 
strai^^ht.  Stomata  are  present  on  t>oth  faces  of  the  leaf,  but 
are  most  numerous  on  the  inferior  face.  Mach  stoma  is 
surrounik-d  by  four  or  five  cells,  an<l  is  fvcnerally  parallel  with 
the  longitudinal  axis  of  the  leaf  jIM.  XIX,  Vi^,  2).  We  have 
obser\'etl.  however,  that  some  of  the  stomata.  especially  in 
the  nei^hlK>uiho4Hl  of  the  ner\'cs,  showeil  a  somewhat  different 
direct  if  >n.  this  iK-in^  due  to  the  stretching  f>f  the  surrounding 
cells  \V\.  XIX    Fi^js.  3  and  4). 

A  fact  Worthy  of  notice  is  thiit  the  epidermis  is  but  slightly 
coherent  with  the  parts  subjacent,  this  In-ing  obscr\*ed  not 
(»nly  in  the  le.ives,  but  also  in  the  stem  and,  in  a  ver)*  marked 
di-^rcf.  in  the  ovary.  An  examination  of  the  me^»phyll 
sliow.s  that  it  contains  the  chlorophyll  e(|ually  distributed 
in  the  various  layers.  A  transverse  section  (1*1,  XIX.  Fig.  jj) 
shows  that  t)it*  nuMiphyll  consists  of  al>«nit  seven  layers  of 
touruliNh  cells,  and.  strange  to  s;iy.  this  tissue  diM  s  not  show 
any  tlittrr<  ntiation  into  a  |ulis,ide  or  pneumatic  tissue.  The 
leaf  thus  bei <>nu<«  iMilatetal.  Although  the  iMilateral  leaves 
Usually  h.ive  a  pali'^ade-tissue  dev«*|opi:ti  on  tx»!h  faces  of  the 
Iial'-lil.itle.  .1  U\\  ; 'Lints  are  knitun  m  uhich  this  tissue  is 
cntuelv  abMiit.  I  hi-*  h.is.  U^x  inM.ince,  l>een  recorded  l)v 
lieinrtclHt  .is  ( h.it.K  trristic  ol"  the  parasitic  ^;enus  Ihrsmw, 
.iful  it  is  s  'IiuwjImi  Nur;»iMr;;  t«»  o!»scrve  a  c.»rTe^|>i»ndin^ 
stiuvtwre  in  ''Ui  ^ji  nus  <  '•'.  .'.1/;  / 

'I  he  .d>Mii«i-  "I  pili--atle-ti -^kie  in  liusium  has  lK*en  ex- 
plained l»\  liiiniiiiut  as  eviiKntly  «le|iending  U|xin  its 
p.ii.isitic  n.itiiti.  bit  tilts  evpl.in.ition  <liii-s  not  seem  lindi!«' 
I      .it-lir-        '..////      A   •.iittiil    (  \.in>tti.itii»n   .if  the    ihtfi**- 
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phyll  in  the  leaves  shows  that  it  is  able  to  provide  its  own 
starch,  and  this  fact  seems  sufficient  to  prove  that  our  genus 
is  neither  parasitic  nor  saprophytic.  It  is  also  true  that  the 
root-system,  as  will  be  shown  later,  does  not  show  any 
parasitic  connexion  with  the  plants  which  grow  in  those 
places  where  Obolaria  is  generally  found. 

Concerning  the  mestome-bundles  of  the  leaves,  these  arc 
rather  weakly  developed,  and  contain  only  a  very  small  group 
of  leptome  and  a  somewhat  larger  group  of  hadrome.  Sterco- 
iiiatic  tissue  was  found  to  be  entirely  absent,  so  that  altogether 
the  leaf  shows  a  very  simple  structure. 

The  stem  of  Obolaria  is  quadrangular,  very  pale,  and  often 
curved  toward  the  apex.  The  epidermis  consists  of  rectan- 
gular cells,  with  very  thin,  straight  walls  (PI.  XIX,  Fig.  7), 
covered  with  wrinkled  cuticula.  Stomata  are  present  (Fig.  8), 
but  they  are  very  scarce.  Only  a  small  number  of  the 
epidermal  cells  contain  anthocyan.  The  bark-parenchyma 
occupies  the  greater  part  of  the  stem-cylinder,  and  is  com- 
posed of  very  thirr-walled,  loosely-connected  cells,  with  very 
little  chlorophyll  and  no  deposits  of  starch.  No  stereome 
has  been  observed.  Inside  the  bark-parenchyma  is  an  endo- 
dertnis  (PI.  XIX,  Fig.  10) ;  this  consists  of  thin-walled  cells, 
which  show  the  spots  named  after  Caspary,  and  forms  a 
closed  sheath  around  the  mestome-bundles,  of  which  latter 
the  hadrome-element  forms  the  most  prominent  part.  The 
leptome  is  developed,  not  only  on  the  exterior  face  of  the 
hadrome  (PI.  XIX,  Figs.  10  and  u),  but  also  on  the  interior 
face,  toward  the  pith,  and  we  have  in  this  way  what  De  Bary 
has  designated  as  '  blcollaterat  mestome-bundles.'  Mestome- 
bundles  of  this  form  have  been  observed  in  numerous  families, 
and  have  been  described  by  various  authors,  for  instance, 
Moebius  and  Petersen.  According  to  Gilg,  they  seem 
especially  characteristic  of  the  Gentianoideae.  The  exterior 
leptome  is  well  developed,  and  forms  an  uninterrupted 
ring  around  the  hadrome-cylinder.  The  interior  leptome, 
on  the  contrary,  forms  merely  small  groups,  which  border 
on   the   inner    part    of    the   hadrome.      These   groups    are 
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ircncrally  scattcrctl.  but  a  few  arc  connected  with  each  cither. 
It  iii  not  iifiusual,  however,  to  observe  some  (groups  of  Icptomc 
imlxrtUietl  in  the  pith  (M^.  12),  thus  bcin^  se|>arated  from 
the  haclritme.  These  isolated  leptome-jjniups  are  very  small, 
and  contain  only  a  few  narrow,  thin-w.dled  cells.  The 
hadr<»nie  is.  as  stated  al)ove.  ver>'  stron(;ly  developed,  and 
the  trachcids  are  so  thick-walled  and  tou^h  that  it  is  difficult 
to  make  ^<Kid  ^elti(»ns  of  the  stem  so  as  to  (^et  the  pith  and 
inner  leptome  well  preser\'ed  for  stuily.  The  pith  is  composed 
•  »f  thin-wailed  cells  and  <»ccupies  the  entire  inner  [lart  of  the 
"tern. 

I  he  pMit-system  has  several  |H*culiarities.  It  consists  of  a 
rrlatively  >mall  nuniln'r  of  fleshy,  irregularly  thickened,  and 
wrinkletl  root*:,  which  show  only  a  few  ramifications  and  arc 
of  a  lij^ht  brownish  colour.  The  term  *coralloid,'  as  used  by 
Moris4>n.  for  thenf  riMit'*  is,  therefore,  very  well  chosen.  The 
r  "otn  are  almost  t«jii.illy  develo|>cd,  there  beinj;  no  main  root. 
In  this  resjHrct  our  p'ant  ajjrees  with  the  Saprophytes,  except 
the  I\uro|K.Mn  s|K*cies  of  Mouotrcfti^  in  which  a  main  r<x>t  i* 
dev(lo|ietr  In  our  ixamin.ition  of  the  anatomical  structure 
of  the  riH)t  we  wrre  >urpfiNrd  to  fmd  that  root-hairs  arc 
er.riftly  absM-nt.  A  l<-\v  of  the  epidermal  cills  had  l)ecome 
1  !of:;.;atc'd  into  sh<rt  papiii:.  .1  uct  th.it  aL:.iin  rehiinds  us  t>f 
thi   .^.i|»P»|ihyt<-s 

An  I  \.iinin.ili«n  "f  a  IransvcTse  Mclitm  of  a  voun**  rintt 
\V\  \I\.  li^;  i{>  uill  rrve.d  a  thtn-w.illt  d  riMclern)  ^ ;  a 
1.)  ;xMlf*rin  oi  only  one  Mr.itum  ;  a  l>f«>ad  bark-pairnihyma  : 
.oil!  a  thin-w.i!lrd  «*nd«Hlf'rmi\  inNide  <»!  which  a  |K*ricambmm 
Mir  rounds  the  nK'**t«>me'l>un«l!rN.  Two  ^inups  of  lep|i>mc. 
Mpaiatrtl  hi'ni  eai  h  othrr  by  a  linr  4if  vchhcU  ci»ries|Mindin^ 
!•»  IWM  M- pa  rati  ^wonp^  u  II  al-^*  lie  ven  ^hoWUl^;  that  the 
f-'l  i»  ot  x\w  ihanhu  t\j»<-.  At  this  sta^jr  thr  ri»i»t  »h«>wi 
a  nxrinal  devc  ii>|iin«  i:t  rxicpt  that  it  laik^  ri»ot  hairs  It  an 
r^Uicr.  lull  ^;r«»'»%n  tinit  (li^  141  is  examinctl,  it  will  lie  found 
I"  prist  lit  a  \v\\  (hnetent  aii|K:ct.  While  the  structure  of 
the  rpidiifiiis  and  the  hypudcrm  ^^t^^  v^ith  that  ol  the 
\*>Ln;:  rtNit.  the  lMrk-|NirrnchyilUI  will  show  a  Rr(*4t  it>crrav* 
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in  regard  to  the  number  of  strata  and  the  size  of  the  cells; 
moreover,  the  greater  part  of  the  bark-cells  will  be  found  to 
be  filled  with  glomerules  of  fungal  hyphae,  showing  that  the 
root  has  become  a  niycorhiza.  This  form  of  root  was  first 
described  by  Frank,  and.  so  far.  has  been  found  only  in  a  few 
Gcnlianaceae,  viz.  the  saprophytic  genera  Voyria  and  Voy- 
riclla.  According  to  Warming,  mycorhizae  are  characteristic 
of  several  Ericaceae  and  Orchidaceac  which  thrive  only  in 
a  rich  humus.  In  these,  as  in  Obolaria,  the  mycelium  is 
found  exclusively  in  the  bark-parencliyma.  The  mycorhizac 
also  occur  in  many  trees,  and  Sarauw  has  given  a  mono- 
graphic study  of  them. 

In  Obolaria  the  swelling  of  the  roots  is  due  to  the  presence 
of  these  fungal  hyphae,  which  undoubtedly  cause  a  certain 
irritation,  not  only  of  the  bark,  but  also  of  the  tissues  inside 
of  tiie  bark.  The  cells  of  the  endodermis  (Figs.  15  and  \fi) 
show  numerous  divisions,  both  tangential  and  radial.  The 
pcricambium  shows  similar  divisions  and  forms  several  strata, 
while  the  inner  mass  of  the  root-cylinder,  the  hadrome  and 
leplome,  undergoes  a  considerable  disturbance  as  regards  the 
arrangemeJit  of  its  tissues.  The  groups  of  Icptome  arc 
imbedded  in  a  huge  mass  of  cambtal  layers,  which  surround 
a  number  of  vessels,  constituting  the  innermost  part  of  the 
root-cylinder.  Aa  regards  the  arrangement  of  tissues,  there 
is  in  this  a  marked  difference  from  that  observed  in  the  yoimg 
roots,  as  described  above. 

In  the  old  root  there  is  nothing  to  indicate  its  originally 
diarchic  type.  The  interior  tissues,  from  the  bark  to  the 
hadrome,  undei^o  an  increase  so  sudden  and  irr^ular  that 
the  position  of  the  various  elements  is  changed  and  an  ab- 
normal development  of  cambial  tissue  takes  place.  This  is 
all  the  more  peculiar  when  it  is  remembered  that  our  plant 
is  annual.  Had  the  anatomical  structure  of  the  root  been 
known,  there  would  have  been  good  reason  to  suspect  Obolariti 
to  be  saprophytic ;  but  as  the  roots  do  not  show  any  haustori.i 
there  was  no  reason  to  suppose  it  to  be  a  parasite. 

In  discussing  the  question  as  to  whether  our  plant  is  really 
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saproph>'tic.  as  has  been  supposed*  it  inii^ht  be  well  to  cite 
the  princi|>al  features  which  characterize  our  genus.  These 
maybe  divided  into  two  categories:  (i)  Such  characters  as 
it  has  in  common  with  the  autophytic  Gentianaceae,  and 
(a)  the  characters  by  which  it  is  related  to  the  saprophytic 
members  of  the  Gentianaceous  family.  In  the  first  category 
are  the  following  characters:  (1)  The  shape  of  the  aerial 
leaves  is  5[xitulale,  not  scale-like  ;  ( i)  the  presence  of  chloro- 
phyll in  great  abundance ;  (3)  the  presence  of  sti>mata ; 
(4)  the  ability  to  produce  starch  ;  (5)  the  strong  dex-elopment 
of  the  hadrome  in  the  stem  ;  (6)  the  anatro|>ous,  monochia* 
mydeous  ovules.  In  the  second  category,  comprising  the 
saprophytic  characters,  are  (1)  tne  vertical,  appressed  leaves  ; 
(2)  the  nc^n-difTerentiation  of  the  mesophyll :  (3^  the  im|K:rfect 
root-system,  that  is,  lack  of  root-hairs,  few  ramifications,  and 
non-development  of  the  primary  nx>t ;  (4)  the  root  is  a 
myc  >rhi/a  ;  (.',)  the  occurrence  of  some  rudimentary  ovules, 
these  being  atro|>ous  and  destitute  of  integuments. 

Acct>rding  to  this  characterization,  it  cannot  be  denied  that 
our  plant  shows  a  singular  |Misition  between  the  Autophytes 
on  the  one  hand  and  the  Saprophytes  on  the  i»ther.  The 
structure  of  the  ro4its  would  Ik  rather  abnormal  to  an  auto- 
ph)  te,  as  would  l>e  the  chlorophyll  and  the  strongly  (!evclo|)ed 
hadroiiic  to  a  sapr«)phyte.  In  ccnsidcting  the  ch.iractc.-rs  of 
the  .sapr« 'phytic  (ic-n(i.in.u  car.  so  adnui.ibly  dcs<>rib(.il  by 
Juhow,  the  tollimitig  (iill'erento  will  Ixr  n«»lcd  The  sapro- 
phytic (fcntianaccac  havr  no  chKirnphyll,  n<>  stemata.  and 
no  iignihcii  li>Nue>«  while  all  ihise  arc  tound  in  ( 'A /«/# m. 
The  only  features,  and  these  are  unini{H«rtaiil.  whiih  < 'At>- 
lafia  has  in  (.I'miiion  uilh  its  H.ipri*ph\  tic  rrlattves  arr  the 
n<>n'cicvi!ti]ifiu  nt  ol  the  primary  foot,  lack  «>t  ro«)t-haii\  and 
the  iuik  of  !»t<ic«-nu*  It  gii>u!i  in  vi!  p'>«>r  in  humii*^,  and 
in  i<>ca!:t:c!i  \\l:Kh  wv  ru  ithrr  shadtti  n.»r  vtrv  in-  i-t.  ton- 
dit:*>i'.s  whiih  d<»  ru't  sccin  especially  :a\«'Liral)li'  t<>  >apri>- 
phyt^^.  1  lie  N.ipri'|»h) tic  (fcntiaixae  arc  all  inhabitants  «>f 
moi^t  and  shaded  placcN.  Ining  tound  generally  aini>ng 
iUca>ed  lia^c>  nr   on  the  trunks  of  dead  trees,     licing  «*nc 
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of  our  earliest  bloomers,  its  flowers  are  developed  some  time 
before  the  foliage  of  the  surrounding  trees  and  shrubs  unfold, 
thus  being  fully  exposed  to  the  sunlight,  against  which  it 
is  protected  by  its  waxy  cuticula  and  the  lai^e  amount  of 
anthocyan  contained  in  the  leaves. 

The  absence  of  root-hairs  in  Obolaria  is  of  course  somewhat 
surprising  in  connexion  ivith  the  non -development  of  the 
primary  root.  On  the  other  hand,  however,  there  are  truly 
saprophytic  Orchideae,  that  is,  Corallorkiza  and  Epipogon, 
which  have  organs  that  perform  the  same  function  as  root- 
hairs,  and  the  European  species  of  the  saprophytic  genus 
MoHotropa  possesses  a  primary  root. 

On  account  of  the  many  intergradations  between  the 
Autophytcs  and  the  Saprophytes,  it  is  almost  impossible  to 
draw  any  general  distinctions.  In  regard  to  the  Gentianaceae, 
most  of  which  are  Autophytcs,  it  may  be  said  that  the  genus 
Obolaria  is  a  connecting  link  between  the  autophylic  and 
the  saprophytic  genera ;  and  although  it  has  several  characters 
in^  common  with  the  Saprophytes,  we  are  inclined  to  consider 
our  plant  an  autophyte. 

In  regard  to  its  systematic  position,  it  Is,  as  above  stated, 
closely  related  to  Sweeriia  and  PUurogync :  to  the  first  by 
the  presence  of  nectaries,  and  to  the  latter  by  the  position 
of  the  ovules  on  the  entire  inner  surface  of  the  carpels. 


J 


Holm. — On  Obolaria  virgintca,  381 


Bibliography. 

1.  Baillon,  H.  :   Histoire  des    pUntes    (Monogrmphie   des   Gentiaoacees   et 

Apocynacto).     Paris,  1889,  p.  143. 

2.  Bartling,  Fr.  Th.  :  Ordines  naturalea  plantamm.  Goettingen,  1830,  p.  174. 
8.  Barton,  Wm.  P.  C. :  Flora  of  North  America,  3.  PhiUddphia,  1823,  p.  90. 
4.  Bentham   and  Hooker:    Genera   plantarum,   a.     LondoD,   1873-1876, 

p.  818. 
6.  Clayton,  Joh.  :  Flora  virginica.    Lugd.  Batav.,  1739,  P«  74* 

6.  Flora  virginica.    Lngd.  Batav.,  1 762,  p.  95. 

7.  Darlington,  Wm.  :  Flora  Cestrica.    West  Chester,  1837,  P*  ii3. 

8.  De  Bary,  a.  :  Veigleichende  Anatomie  der  Vegetations-organe  der  Phanero- 

gamen  and  Fame,  1877,  P*  33'* 

9.  Don,  David  :  On  the  Characters  of  certain  groaps  of  the  Class  Personatae. 

Edinburgh  New  Philos.  Jonm.,  19,  1835,  P*  i^^* 

10.  ElCHLER,  A.  W. :  Bliithendiagramme,  i.     Leipzig,  1875,  p.  246. 

11.  Elliott,  Steph.  :  Sketch  of  the  Botany  of  South  Carolina  and  Georgia,  2. 

Charleston,  1824,  p.  134. 

12.  Endlicher,  Steph.  :  Genera  plantamm.    Wien,  1836-1840,  p.  695. 

18.  Eriksson,  Jakob:  Studier  ofver  Legnminosenas  rotknolar.    Lund.,  1874, 

p.  21. 
14.  FiGDOR,  W. :   Beitrag  zur  Kenntniss  tropischer  Saprophyten  (Cotylanthera 

tenuis)  :   Berichte  d.  deutsch.  bot.  Ges.,  13.    Berlin,  1895. 
16.  Frank,  B.  :   t)ber  die  auf  Wurzelsymbiose  bemhende  Emahrung  gewisser 

Baume  durch  unterirdische  Pilze :    Berichte  d.  deutsch.  bot.  Ges.,  3. 

Berlin,  1885,  p.  1^8. 

16.  Ncue  Mittheilungen   iiber  die  Mycoihiza  der  Baume  und  der 

Monotropa  Hypopitys  :  Berichte  d.  deutsch.  bot.  Ges.,  3.    Berlin,  1885, 
p.  xxviL 

17.  GiLG,  E. :    Gentianaceae.    Engler  und  Prantl:    Die  natiirlichen  Pflanzen* 

familien,  p.  76. 

18.  Gray,  Asa  :  Chloris  boreali- Americana.     Memoirs  ofthe  American  Academy. 

Decade  i,  1846,  p.  21. 

19, (A  Paper  read  before  Linnean  Society)  Joum.  Linnean  Society, 

u,  1871,  p.  22. 

20,  S}noptical    Flora    of  North  America,   2.      New  York,   1886, 

p.  III. 

21.  Manual  of  the  Botany  of  Northern  United  Sutes.     Sixth  edition, 

1889,  p.  346. 

23.  Greene,  £dw.  L.  :  Bibliographical  Notes  on  well-known  Plants  (L  Linuaea 

borealis).     Bull.  Torrey  Bot.  Club,  14.    New  York,  1887,  p.  136. 
28.  Haberlandt,    G.  :    Physiologische    Tflanzen-anatomie.      Leipzig,    1884, 
p.  166. 

24.  Heinricher,  Emil:  Uber  isolateralen  Blattbau  mit  besondeier  Btriicksich- 

tigung  der   europaischen,  speciell  der  deutschen  Flora:    Pringsheim*s 
Jahrb.  f.  wiss.  Botanik,  15.     Berlin,  1884,  p.  50a. 

D  d  2 


}»' 


Holm. — On  Obolaria  virginica. 


I,  HovELACQUE,   Maukice  :    Rtcheiches   snr   I'appareil    vigitalif   de*    EBp 

noniac^ea,  RbiQ»nlhac^e»,  Orobancheei  et  Utriculariia.     Parii,  1888, 
i.  JOHOW,  Fk.  :    Die   chlorophjlirieien   HumDEbewohDcr  West   IntUeiu,  bio- 

loeiwh-morjhologisch  dargestellt:  Priogsbeim'i  Jahrb.  f.  wiss.  Botinik, 

16.     BcillD,  1685,  p.  415. 
.  Die  chlotophjUfreien  HnmQspflimteo    nach   ihren  bioloeiiehen 

nod  aoatomisch-entwickelniigsgeschEolillichen  Verhallniiacn :  Pringsheini'* 

Johrb.  f.  wiss.  Bolanik.  lo.     Beilb,  1SS9,  p.  4S1. 
I.  JnssiEU,  Antoink  Laur.  de:  Genera  planlaium.    Puis,  17S9,  p.  lot- 
I.  Knoblauch,    Emil  ;    Beiliaee    lut   Kemitniss   dec    Gentiinaceae :    Bolan. 

Ccnlralbl.  60,  189+,  p.  39S. 
I.  KuNZE,  Otto  :  Revisio  genemm  ptantimii),  a,  iSgi,  p.  430. 
.,  LtNDLEV,  John  :  The  Vcgelablc  Kinfiiioro,     London,  1853,  p.  611. 
!.  LtNNE,  Carl  ;  Speciet  plantatani.    Stockholm,  1753,  p.  631. 
I. '  Species  planlarum  cuiante  C.  L.  Willdcnow,  3,     B«i!in,  1800, 

p.  346. 

:. ■ System!  Tcgeiabilinm.     GoelElsceD,  179J,  p.  610. 

i.  Syslema  Tegelabiliam,  corante  Knrt  Sprengel.      Editio  16,  I, 

Goetliogen,  18)5,  p.  ^jj. 
I.  MObius,  M.:  Ueberdas  Vorkommcn  concentriicbu  Cefisibundel  mit  centnlem 

Phloem  ond  peripheriichem  Xylem  :  Bcrichte  d.  dcutteh.  botan.  Ge».,  5. 

Berlin,  1SS7,  p.  1. 
'.  MoRisoN,   Kobbbt;    Huforia   pUctanim,   Pats  3.     Oxford,  1699,  p.  504, 

Plate  16,  Fig.  33. 
i,  NoTTALL,  Thomas:  Genera  of  North  AmericSD  PUoti.    Philadelphia,  1818, 

p.  103. 
I.  Pbrsoon.  C.  H.  :  Synopsi»  pUntaronj,  1.    Pari*,  1807,  p.  182, 
).  Petersen,   O.   G.r    Bicollatfrale    Knibondtec    og    beilaegtede   DanneUer: 

KjcibeDbaTD,  tSSi. 
L.  Plukbnet:  Alntageilnm  botanicnm.    Loodon,  i696,p.  373,PUte )09,FtE. 6. 
I.  Kafinesque,  C.  :   EaMntial  GeDeric  and  Sped6c  Characten  of  tome  New 

Gemiue*  and  Speciei  of  Planti  obseired  in  the  Uoited  Stales  in  1803 

and  1S04:    Medical  Repoiitoiy,  Second  Heiade,  Vol.  5.     Neir  York, 

1808,  p.  356. 
).  Rav,  John  :  Historia  plantanun.    London,  1704,  p.  596. 
I.  Sachs,  Julius  :    Vorletungen    tiber    Pflanien-Phyiiologie.      Leipzig.   1881, 

p.  Tfi. 
\.  Sarauw,  G.  F.  L,  ;  RodtymbioK  og  Ujltorrhiier.    Kjobenhavn,  1893. 
I.  Sfrengel,  Kurt:  AnteitongiurKctintDiudcr  Gewachte.    Second  edition,  1. 

Halle,  1817.  p.  403, 
'.  Van  TiBGHEU,  Ph.;  TiaJtJ  de  Botanique.    Paris,  1884. 
I.  Waltkr,   Thomas  :    Flora   Caroliniana,   lecundom    lyslema   v^eiabilium. 

London,  178S,  p.  166. 
>.  Warming,  Euc.  :  Den  almindelige  Botanik.    Thiid  edition.     KjobenbaTn, 

1895,  p.  III. 

).   Plinlesamfand.     Kjobenham,  1895,  p.  89. 

1.  WiESNBR,  Julius:  Aiuiloinie  nnd  Phytiologie.     Wien,  189a. 


IN  Lilium  Miiftdji^oH      //.   Spcrfiuilogcfitsis.     21; 

I  he  tiiviclin^  fij^iircs  an*  more  nr  Ics**  distortctl  atui  fihsiurc. 
The  cii\isiiiii  •»!  \\\v  1^1  n«*r.'itivc  nm  !riis  ^;cn«r.illy  lakr^  place 
si><>n  alter  the  form.it ton  <»f  thr  pollm-tiilK-  '.  \X  \>  ahraciy 
o»ni[)li-tt.'  in  onr  nf  my  prrpiratiMns  which  ^hi)u>  a  v.crnun.itin^; 
polU-n-^rain  uith  a  liilx--  of  very  n^nlc-ratc  Icr^lh  \\'\^'  .^4). 
In  this  instance  the  vegetative  niicUiis  loi>k>  as  though  it 
were'  in  thi-  art  of  (hvidin*;  by  the  ilirect  nuthml.  but  I  have 
rc\rr  idintificd  t\\«»  niulri  at  the  rnd  of  .1  tnbi". 

I.cii].M'tiJ<linaI  fiNsion  f«f  tlic  chmmnsomes  is  apparent  at 
a  t'oniparativi  ly  larly  pcrioil  \n  the  hi»ti«ry  of  the  generative 
nnt  !( UH.  It  is  very  dcai  in  the  preparati^in  fri-m  which 
\'\\\  \\  w.is  flr.iwn.  ami  I  have  <ten  it  unmistakably  in  six 
«»ther  I  ases,  ( ^nr  nf  thi-e  .shows  the  ehroniosi>mes  much 
twist  etl  T'lmi!  e.uh  «»!!ier.  an«!  e\it!eni;v  «'nlv  i»i!it  formed  fn>m 
the  spinin. ribbon.  Sta^'e^  inlei mediate  between  t!»o«»e  shown 
in  I*'i;^s  \}^  \\\\\  ^4  arc.  !:o\\rver.  w.mtin^  in  m\  pn-|kirations. 
Une  M-i  ti<  n  which  ci>ntaini-d  .1  n-.uleijs  rather  older  than  that 
"f  '"'yl  V^  ^^^  ^^''*^'"*"""^*"*  bf  ir^'j^  shorter  and  broader,  and 
the  tl^Nion  in  i-aeh  tvni  clearer,  w.in  lost  in  an  attempt  to 
re«»t.iin  it.  I  hf  .dxrnce  i»:'  ^n*  h  Liter  *«taj{es  is  ^^\  the  less 
im|>>>itai'.i  e  .is  M  <iiji^na'd  h.iN  figured  two  in  the  n.emoir 
from  whiih  I  b.iv«-  «;':"!fil  v.,  .ii!i  n  alre.idy  i  Pl.ite  Xl.  liji-^-.M. 
^4 '.  Tin-  st.e.ie-*  I  ;i  i-^^iSn  .ift  c« 'iK  |jsi'.  r  as  t'»  the  ia«.t  of 
"'  n;;:!    ii:n.i'.  \\      •••     •!  tin    i|i:-  iims'  i::i  s. 

A",  u.  \\\\\  ti*.  'li*'  ;•  l!«  II  i;t.i:h  iif  i;-*  ..il!\  bnisl'.i  «|  k\x\. 
I"  iS'i.:t  :•!  !l.f  It  ^;i:'»  ■.::!)■■  1!  •-!  !hf  i 'i  M  .  \\\  tin  ^ti;;nM. 
I  In  ;  ■  .!rn  •  ;b.  .  I  .i .  r  !h*  :•  t-  -f «  f^ »  ■.■'i  .i!  •'.  ^!  fu  i  !o  tt.ive!  m 
*«.iiih  ■■:  lie::.  I'l;  !}■.■  !:i!ji"  i  !iib'  ii.is  li.itl'.ii!  ll'.r  !.•  aiesl 
'  !•  ft.  1?  i.s  .r\  t  »::'.r.nN  llu»  e  Mill  I«  !  I  \\v  v  •  .■•  \  t!:\  •■  f... ileus 
1^  !•     :•       :    .«        •!  ■"■,;  ir*.  /»••!    »!   \\\v  *  v.*\  ■■!   tin    !;*m  I  !'.e  !wi> 

,;rT  :.":.»■  r.:,'t-  .iT«  i\.n*.'\  i:V<-  r  i- b  •  ru  !■  m-I  n  i!  •  own 
ifv,  i'.i|-«-      t    ;  !■  !  "■,  l.isin     I*:,;     ;4  \r;!hr*   i  i.i   <-.-  ;  •»'-  c-h^cs 

•  I    !i    ilr"..!^    tr    .1    !::i  inbr.irr  .      liii  \     .irr    !.-lJ;    :ri    !!  r    !'»rfn    nf 

a  iMKri!  'psntn.  .ir.d  tbr\'  e-ritTfuir  !hi:.  tl  r^*  .  h.o  .•  iljcir 
■«    irnrvilt-wn  the  ^tyie.      Nf .  ( itiivinaul   \\^^   |»<»nt*«:  "ul   that 

*  lialpMfd,  I.  c.  I*   1;". 
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they  increase  in  size  during  this  period,  and  are  much  com- 
pressed in  the  narrow  pollen-tube  '. 

In  describing  the  three  later  nuclear  divisions  of  the 
spermatogenetic  series,  I  have  said  nothing  as  to  the  number 
of  chromosomes  which  take  part  in  them.  There  were 
difficulties  in  the  way  of  exact  counting,  but  about  twelve 
chromosomes  are  found  on  each  spindle. 

HOMOTYPE   AND   HeTEKOTVPE   DIVISIONS. 

The  four  nuclear  divisions  included  in  the  spermatc^enetic 
series  of  /  ilium  Martagon  have  now  been  described  in  detail. 
One  characteristic — and  that  the  most  important ~ they 
possess  in  common  with  each  other,  with  the  three  oogenetic 
divisions,  and  with  the  ordinary  vegetative  division.  In  each 
of  these  cases  the  elTect  of  the  whole  process  of  katyokinesis 
is  to  divide  each  parent  chromosome  into  a  pair  of  daughter- 
chromosomes  by  longitudinal  fission,  and  to  build  up  duplicate 
daughter-nuclei  from  the  duplicate  sets  of  daughter-chromo- 
somes thus  formed. 

Less  uniformity  is  observed  when  we  come  to  detail.  The 
seven  nuclear  divisions  of  the  spermatogenetic  and  ougenctic 
series  are  distinguished  from  all  others  by  the  possession  of 
twelve  chromosomes  in  place  of  twenty-four.  Among  these 
seven  divisions  thus  naturally  divided  from  the  rest,  two 
distinct  types  of  karyokinesis  are  found.  One  differs  from 
that  of  the  vegetative  nucleus  only  in  the  number  of  chromo- 
somes. The  other  differs  widely  from  the  vegetative  type  in 
many  respects  besides  that  of  number,  and  is  characteristic 
of  the  first  division  in  either  scries — that  division  in  which  the 
reduced  number  of  chromosomes  first  appears. 

I  have  already  insisted  sufficiently  on  the  peculiar  character 
of  the  first  karyokinesis  on  either  side.  The  fact  that  the 
nuclear  divisions,  occurring  at  so  critical  a  period  in  the  line 
of  descent  of  both  sexual  nuclei,  should  not  only  differ  from 
the  usual  type,  but  also  resemble  each  other  so  closely,  is 
'  Guignard,  I.e.,  p.  17S  and  Fig.  36. 
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sufficiently  remarkable.  It  must  have  some  meaning;  When 
an  adequate  explanation  has  been  found,  it  will  probably 
throw  light  on  some  of  the  problems  of  heredity.  In  the 
meantime  we  may  define  a  difTcrence  which  our  knowledge 
is  insufficient  to  explain. 

The  homotyfK*  process  of  kar>'okinesis  is  illustrated  by  the 
series  of  diagrams  A  F  on  Plate  XI.  This  is  an  ideal  scries, 
representing  what  might  be  eX|X!cteii  of  an  imaginary  nucleus, 
which  should  divide  like  a  vegetative  nucleus  <  I,  p.  431  and 
Figs.  1-8)  while  |x>ssessing  only  twelve  chromosomes. 

Professor  Strasburger  has  described  and  figured  a  s>'m* 
metrical  arrangement  of  the  ceils  in  the  spirem-form  of  nuclei 
from  the  endosperm  of  /'rs/t7/an\t^,  I  am  convinced  that 
a  similar  arrangement  exists  in  the  much  smaller  vegetative 
nuclei  of  I.UtufN  .\/ar/iixoH  (B).  'I  he  chromosomes  when 
they  first  appear  have  a  ribbon-like  character,  and  retain 
traces  of  their  late  coiled  arrangement  in  the  spirem*nucleus 
(C).  They  contract  and  straighten  (»ut  to  a  more  regular 
form.  Fach  is  bent  near  one  end  which  lies  in  the  equatorial 
plane  of  the  spindle.  The  other  |>oints  to  one  of  the  |x>les. 
Longitudinal  fissiim  first  ap|)ears  in  this  stage  (I)).  I«atcr 
on  the  whole  chromoMiinr  o»mes  to  lie  more  or  less  in  the 
equatorial  plane,  and  M*|kiration  of  the  two  halves  begins 
at  the  end  which  is  .ittachctl  to  the  spindle  (FV  I'he  diaster* 
^egm^nt•*  arc  nri  rN.s.iril y  h«K»kcd  (F». 

i''..ich  of  ihr  hvc  honi'itypic  dixinions  is  now  to  be  com|vired 
uith  thr  ich.d  "^ciiis  A    i**. 

(1 )  Thr  ilivivitn  of  thi*  miiropytar  nus,li*u<>  in  the  binuclrate 
rmhiy(i*s,u  aj^rcrs  uith  it  in  all  but  two  |Mtints  This  nucleus 
\*hrn  in  the  spirrin-f«  rni.  ami  aUo  the  young  chromosomes 
of  the*  suti  ceding  '^ta^r.  are  apt  to  tic  pulled  out  m  the 
<!ircvti(  n  'I  thr  luturr  »j»in«llr  thi.^  n'tura'tng  the  symmetry 
of  thf  ^jurrm  <«•  N  <!  p  4'»4  .in<l  li^-*  2^,  2*#'.  licside*  this 
drvi.itiofi  fotni  thr  t\p(  tlirre  is  a  second  iKiasional  variation. 
In    .1    *' w    I  hr<-nii)^oinrH    *\i    thr    mu  Ic  ar    plate   -our   iir  two 
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perhaps  on  each  spindle — the  segments  begin  to  separate 
from  the  middle  instead  of  from  one  end,  and  in  consequence 
these  segments  are  V-shaped  in  the  diaster  (I,  pp.  465-66: 
X   Figs.  30,  31). 

(2)  In  the  succeeding  division — that  of  both  micropylar 
nuclei  in  the  four-nucleate  embryo- sac — similar  deviations 
from  the  type  occur.  The  spirem  is  distorted,  and  an  occa- 
sional chromosome  begins  to  divide  about  the  middle  of  its 
length.  The  latter  variation,  however,  is  much  less  common 
than  in  the  previous  division  (I,  p.  468), 

(3)  The  second  division  of  the  pollen-mother-cell  nucleus  is 
by  far  the  most  aberrant  form  of  the  five.  The  spirem  indeed 
is  quite  typical  (Fig.  16).  But  the  chromosomes  are  V-shaped 
from  the  beginning  and  regularly  divide  from  the  middle. 
One  or  two  in  each  spindle  may  divide  from  one  end. 
Consequently  most  of  the  diaster-s^ments  are  V-shaped 
(Figs.  19  and  21). 

(4)  The  nuclear  division  in  the  pollen-grain  which  divides 
the  generative  from  the  vegetative  nucleus  is  typically  homo- 
type.  It  agrees  in  every  stage  with  the  ideal  series  (Figs, 
24-28). 

(5)  Those  stages  in  the  division  of  the  generative  nucleus 
which  1  have  seen — namely,  spirem,  segmentation,  and  early 
spindle — are  certainly  homotype.  The  spirem  is  compressed 
in  the  pollen-tube,  but  not  violently  distorted.  Longitudinal 
fission  appears  rather  early  in  the  chromosomes.  But  the  close 
likeness  between  Fig.  33  and  Diagram  D  cannot  be  mistaken. 

Id  describing  the  heterotype  form  of  karyokinesis  there 
will  be  no  need  to  begin  with  an  ideal  series  and  afterwards 
discuss  the  deviations  from  it  of  the  two  nuclear  divisons 
which  follow  that  type.  The  diagrams  G-M  are  founded 
on  the  first  division  of  the  embryo-sac  nucleus.  If  they  had 
been  founded  on  the  first  division  of  the  pollen-mother-cell 
nucleus,  the  size  of  the  chromosomes  would  be  greater  in 
proportion  to  the  spindle  and  the  diameter  of  the  nucleus. 
In  all  other  respects  the  diagp-ams  represent  either  division 
equally  well. 
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One  important  feature  of  hcterotypc  kar>'okinc»is  i*  not 
represented  in  the  diagrams.  No  indication  15  given  of  the 
long  |)criod  of  growth  which  ends  in  the  formation  of  the 
tpirem  ((i).  The  most  prominent  character  of  this  period 
is  the  occurrence  within  it  of  the  contracted  state  called 
synapsis,  already  twice  described  in  detail.  I  believe  the 
physiological  pur{K)sc  of  this  condition  to  be  the  fi)rmatioii 
of  the  spirem-ribbon  from  a  single  row  of  chromatin-granules 
strung  on  a  linin-thread.  This  row  is  divided  longitudinally 
just  before  the  contraction  begins,  and  during  that  con- 
traction the  linin-ribbon,  which  separates  the  two  rows  of 
granules  in  the  spirem-nucleus,  is  formed  at  the  ex|)ense  of 
the  half  dissolved  nucleolus  (I,  p.  4.';S,  and  II,  p.  19H). 

The  (»ther  features  which  distinguish  hetcroty|ie  from 
homoty|»c  division^  arc  fairly  represented  in  the  diagrams. 
They  may  lie  summarised  here. 

IhjftntittatioN  of  tlu  sfn'fm-rihhon.  In  Diagram  (i,  as  in 
A,  the  spirem-nuclciis  c<»ntains  a  coiled  chromatic  ribbm  and 
one  or  more  nuilc<i|i  uithin  the  nuclear  membrane.  Hut  in 
A  the  riblxin  ap|K*arH  ti»  l>e  homogeneous— its  whole  surface 
reacts  in  a  unifi»rm  way  to  stains  and  in  (t  it  is  diflcr- 
cntiatid.  The  tibl>on  itself  is  er>'throphilous.  but  it  Inrars 
on  either  margin  a  r<»w  of  cyanophilous  granules.  There 
may  vww  W  s*»mi-  lurthir  ditTc  rentiati>n.  At  certain  |)eriods 
in  the  «It  vrl«ijiincnl  «»f  the  riblH»n.  it  srrn)N  .is  if  the  I)  »rders 
on  w!iu  !j  ihr  ^t.muliN  lir  were  of  rather  tougher  material 
th.in  the  l>r  '.III  /oMc  wliiih  M-|Mrates  thetn 

Eitfiy  .*  '.y:.'f/.////.i//ri «/.•// 1/  tkf  « hfcnusomts  In  l>iagram  C* 
thr  h«'!in»tyj»r  « !w*»m«»NOfijrs  are  *^'vv\  t'>  l>e  formed  of  lengths 
of  spirrni-nlilxtn.  I.^'ngitudinal  tissiidti  fo!lo\«s  later  il>).  In 
th«  hriifiiiy|M-  nuiletis  the  »»pifeiii  liblxin  in  first  dividcil 
I»M;:itu«!in.iI!\  iMi!  then  t.ilN  int'i  len^iths.  Thtis  e.u  h  length 
i<>t)viiitii  11!  tA.)  iji.ii.itt  lini-i  til.iiiimt^.  iMi  h  bc.irin,^  a  single 
\K^\\  4>t  c)i;'iTr..(tin  ^M.ifiiil*  •*  (11*  The  nuclrar  mciiiliranr  and 
iui«  If»!-  «l:«*a:'|»- ar  U'.-n-  m  giiii  tit.ition  in  the  ixMiiotyiK 
\\\u\t  ;s  .III,  Init  ;K-i!iiNt  t>>r  some  lime  later  in  the  lirtero- 
tv|»c  ( I  ' 
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Second  longitudinal  fisiion  of  the  chromosomes.  The 
segments  of  homotype  chromosomes  appear  homogeneous 
throughout  the  karyokinesis  (D-F).  Hcterotype  s^ments 
are  differentiated  shortly  after  their  formation.  Each  consists 
of  a  length  of  erythrophilous  ribbon  bearing  a  row  of  cya- 
nophilous  dots  on  either  margin  (I).  This  differentiation 
disappears  with  the  nucleolus  and  nuclear  membrane.  The 
segments  then  look  homogeneous  (K).  Whether  any  trace 
of  the  second  fission  remains  in  their  structure  is  uncertain. 

Contorted  shape  of  the  chromosotnes  in  the  nuclear  plate. 
The  s^ments  of  the  homotype  chromosome  are  nearly 
parallel  to  each  other,  and  they  separate  from  each  other 
with  great  regularity,  usually  from  one  end  (E).  This  is 
not  the  case  with  the  heterotype  chromosome.  The  seg- 
ments are  tightly  twisted  on  each  other,  they  may  separate 
from  near  the  middle  of  the  chromosome  or  {more  rarely) 
from  one  end.  The  result  is  that  the  separating  chromosomes 
are  much  contorted,  and  adjacent  ones  may  be  of  a  very 
different  shape  (K). 

Shape  of  diastersegments-  As  a  necessary  consequence 
of  their  method  of  separation,  segments  of  homotype  diaster 
are  generally  hooked  (F),  the  heterotype  diastcr-segments 
V-shaped  (M).  No  great  importance  is  to  be  attached  to 
this  distinction. 


Appendix  on  Methods. 
A,  nxcNG. 

Anthers  fixed  in  absolute  alcohol  were  usually  uncut.     Those  fixed 
in  any  of  the  three  soluiions  given  below  were  either  halved  trans- 
versely or  cut  at  both  ends  to  ensure  penetration. 
Hermann's  solution  (alcoholic). 
to  %  aqueous  solution  of  platinic  chloride     3  c.c. 
I  %  osmic  acid  (aqueous)  .        .8  c.c. 

Glacial  acetic  acid  ....     a  c.c. 

Absolute  alcohol  .      -.  37  ex:. 
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The  anthers  were  left  in  this  solution  for  one  and  a  half  to  two 
hours,  and  then  transferred  to  a  -5  %  aqueous  solution  of  platinic 
chloride  for  twenty-four  hours.  They  were  then  placed  in  a  i  % 
aqueous  solution  of  platinic  chloride  for  twenty-four  hours. 

FUmming's  solution  (aqueous). 

I  %  aqueous  solution  of  chromic  acid  .  30  cc. 
I  %  osmic  acid  (aqueous)  .  .  .8  c.c. 
Glacial  acetic  acid  ....     2  c.c. 

The  anthers  were  left  in  this  solution  for  about  two  hours,  and  then 
transferred  to  an  aqueous  -5  %  solution  of  chromic  acid  for  eighteen 
hours. 

Chromic  acid  (aqueous).  The  anthers  were  laid  in  a  -5  %  aqueous 
solution  of  chromic  acid  for  eighteen  to  twenty-four  hours. 

Afler  treatment  in  any  of  these  ways,  the  anthers  were  rinsed  in 
water,  and  transferred  successively  at  intervals  of  about  twelve  hours 
to  30  %,  50  %,  70  %  alcohol,  and  finally  left  for  several  days  in 
methylated  spirit,  changed  as  it  became  discoloured.  These  changes 
were  made  in  the  dark  when  the  fixing  solution  had  contained 
chromic  acid. 

The  anthers  were  preserved  in  a  mixture  of  equal  parts  absolute 
alcohol,  glycerin,  and  distilled  water. 

B.  EMBBDDINO  AND  CUTTINO. 

For  anthers  fixed  in  mixtures  containing  chromic  acid  or  platinic 
chloride,  paraffin  melting  at  53^  C.  is  hard  enough.  A  softer  paraffin 
can  be  used  for  anthers  fixed  in  absolute  alcohol.  I  was  able  to  cut 
sections  15/4  thick  from  such  material  embedded  in  paraffin  melting 
at45''C. 

The  sections  were  usually  floated  on  the  slide  with  distilled  water, 
and  made  to  adhere  by  careful  dr)'ing  without  cement.  But  in  the 
case  of  anthers  showing  the  nuclear  division  within  the  nearly  mature 
pollen-grain,  I  used  a  cement  of  collodion  and  clove-oil,  otherwise  the 
sections  of  pollen-grains  would  have  been  washed  away. 

Great  care  must  always  be  taken  not  to  overheat  the  paraffin- 
ribbon  on  the  slide.  If  the  paraffin  approaches  its  melting-point,  the 
sections  will  be  strained  and  their  structure  distorted. 

Hand-sections  are  apt  to  be  broken  while  they  are  being  transferred 
from  a  stronger  to  a  weaker  solution  of  alcohol.    To  avoid  this  the 
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seciions  were  placed  in  a  small  wide-necked  bottle  half  filled  with 
distilled  water,  on  the  top  of  which  absolute  alcohol  had  been  poured 
gently,  The  alcohol  floaled  for  some  lime  on  the  water,  and  the 
sections  sank  down  through  solutions  of  gradually  increasing  density 
until  they  lay  in  the  pure  water  at  the  botlotn.  Then  the  alcohol  was 
drawn  off  by  a  pipette. 
C.   BTAININO. 

I.  F/eirimiiig's  orange  method /or  material  fixed  in  Ftcmming'! 
solution,  Hermann's  solution,  or  chromic  add. 
There  is  little  to  add  to  Ihe  account  given  in  Part  I,  p.  47^.  For 
early  stages  in  the  development  of  the  pollen- mother-cell,  the  potassium 
permanganate  was  used  as  a  mordant  both  before  and  after  the 
treatment  with  safranin.  The  safranin  and  gentian  violet  solutions 
were  also  of  double  the  usual  strength  for  these  stages.  For  later 
ones— as  the  first  nuclear  division  in  the  pollen-mother-cell — the 
ordinary  treatment  was  sufficient. 

a.  Mayer's  haemalumfor  chromic  maUrial. 
The  sections  were  placed  for  half  an  hour  in  a  ,5  %  solution  of 
ferric  chloride  in  water,  rinsed  and  transferred  to  Mayer's  haemalum, 
nearly  full  strength.  They  usually  took  about  two  hours  to  stain 
to  the  right  depth.  If  the  sections  were  kept  alkaline  by  rinsing 
in  hard  water  and  by  the  use  of  neutral  alcohols,  they  were  of  a  brilliant 
blue  and  very  permanent 

3.  Mayei's  h^umalum/or  absolute  aUohol-material. 
The  sections  were  treated  as  above,  but  with  -i  %  solution  of  ferric 
chloride  for  half  an  hour,  and  10  %  solution  of  Mayer's  haemalum  in 
- 1  %  solution  of  potash  alum  for  about  twelve  hours. 

^.  Methyl-green  and  acid/uchsin/or  alcohol-material. 
These   colours  were  used  in  aqueous  solution,  their  proportions 
varied  to  suit  different  stages. 

5.  Renaufs  haematoxylic  eosinfor  alcohol-material. 
The  same  treatment  as  that  given  in  Part  I,  p.  474,  was  used. 
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rosTscRirr. 

The  twislfd  V-jihapc  i**  characteristic  of  \\\v  d  latter -segment  in  hoth 
heterotvpc  ilivisions,  and  may  easily  give  rise  to  misiconception.  Thus 
Professor  K.  H.  Wilson  (The  Cell  in  Development  and  Inheritance^ 
p.  197)  has  |K>intod  out  that  one  of  my  figures,  representing  a  pair  of 
such  chromosomes  m  fau,  uould  sugge>t  that  each  daughter-chromo- 
tome  is  already  divided  transversely.  Such  an  appearance  is  in  fact 
noc  uncommon,  hut  in  studying  the  actual  preparation  it  can  as 
a  rule  l>e  quite  ilearly  made  out  that  the  daugliter-chromosomes 
are  neitlier  divided  nor  even  constricted.  They  are  usually  con- 
tortetl.  however,  by  a  sort  of  douhlc  twist  near  the  middle  of  each. 
This  mav  U-  more  easilv  followe<l  in  the  chromosomes  of  the  first 
emhryo-sac  karyt >kinesis  (I.  Figs,  a^  and  34.  Com|are  es|«cially 
the  chronxisomes  1-4  in  Kig.  24  with  tho^e  of  Fig.  33  and  with 
Figv  13  and  14  of  this  partV  It  mill  lie  seen  later  on  that  this 
tvislcti  V- shape  rr.ip| tears  in  most  of  the  chromosomes  l>elonging  to 
the  seion<l  kar\i)k.ineMs  in  the  |)ollen  motlier-cell  (Figs.  18,  igV  No 
transverse  division  has  therefore  taken  |4ace since  tlic  tir<^t  kar^-okineias. 
nor  is  any  mdiiateil  in  the  ihromoiomes  of  the  daughter-nuclei,  which 
shortly  afterwanN  «li%ide  hy  longitudinal  fi^^sion  q>.  307V 

<M-  %KK\     Hll  I.    KRt<;ATk 
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PLATE  X. 

Fig9.  l-ij.  Unt  katyokimiis  in  potliH-mclkir-cdi. 
Pollen-roolher-cell  soon  after  its  formation, with  lesling'nucltus.    ysSj. 

Fig.  I  a.    RcsIing-DiiclFus  from  older  mothei-cell :   r,  Dacleolns.      At   x   the 
id  showB  dols. 

Fig.  3.  Pollen -rnDtbcc-ctll  with  Dnclesi  in  which  first  &igns  of  approaching 
■yniptii  are  t*en.  The  chioinBtic  network  begins  to  contract  away  from  the 
nuclear  wall  to  the  light  of  the  Itgure.  Besides  the  vacaolaled  Dudeolui,  there  ii 
a  ihapelesB  mas^  of  nncleoiar  matter  to  the  left,  which  is  green  in  the  thicker  part 
about  X  ,  hat  wa^hy  red  at  the  edges,     x  5S5. 

Fig.  1  a.  Bit  of  thread  from  nucleus  of  same  age  a;  Ihnt  shown  in  Fig.  1.  more 
highly  magnifiefl.  The  thread  is  irregularly  thickeoed,  and  showi  two  rows  of 
dots.     At  1,  w,  drops  of  nacleolar  matter  arc  attached  to  it. 

I'^'E-  h-  Pollen -mother-cell  witb  ancleoa  io  synapsis.  A  general  licw  of  the 
whole  cell  from  a  hand-section.  The  nocleolus  ia  hidden  by  the  close  coils  of  the 
coolracled  chromatic  thread.      X3S5. 

Fij.  30.  Section  from  nacleus  rather  older  than  that  drawn  in  Fig.  3;  «,  the 
nucleolus,  now  recovering  its  shape.  There  is  slill  a  good  deal  of  amorphous 
nucleolar  mallei  among  the  coils  of  the  conltscted  chromatic  thread,     x  5*5. 

Fig.  3#.  Bit  of  thread  [from  place  marked  x  in  Fig.  3<i\  more  highly  magni- 
lied,     It  is  now  of  DnifoiiD  breadth  and  the  double  row  of  dols  is  clear. 

Fig.  4.  rollen-molher-ccll  wilb  spircm-DDcleus.     From  a  hand -section.     xjSj. 

Fig.  41.  Tangential  section  from  nucleus  rather  older  than  that  of  Fig.  4. 
The  ribbon  begins  to  be  articulated,     x  1000. 

PIE'  5-  Pollen -mother-cell  with  nuclens  in  which  the  spirem-thread  has  begun 
to  split  longilndfoallj  (  x   x')  :  n,  nucleolus,      x  585. 

Fig.  J  a.  Tangential  section  from  nucleu*  in  which  the  splitting  of  the  ribbon 
is  almost  comptcle,      x  looo. 

Fig.  6.  Pollen-mother-cell  in  which  the  spirem-ribbon  of  the  nucleus  boi  begun 
to  fall  into  lengths,  as  at  x .  Longitudinal  fission  is  already  complete :  n, 
nucleolus.     From  the  same  band-section  as  Fig.  5.      x  585. 

Fig.  7.  Pollen -mother-cell  with  nucleus,  in  which  the  twelve  double  lilamenls 
formed  from  the  spirem-ribbon  have  begun  lo  cluster  round  (he  half-dissolved 
nucleolus.  The  nuclear  membrane  is  indistinct,  and  much  of  the  sap  is  coloufed  by 
the  nucleolos.      xjSs. 

Fig.  7  a.  Section  of  nncleua  nearly  the  same  age  oi  that  shown  in  Fig.  7. 
From  a  series  of  thick  sections  (1  Jfi)  from  alcohol-matt  rial.  All  the  phenomena 
of  synapsis  have  reappeared,      x  looo. 

Fig.  S.  Follen-m other-cell  from  same  section  as  Fig.  7.  The  optical  section  of 
the  nucleus  probably  passes  through  the  smallest  diameter  of  the  nucleus.  The 
fiUmenti  are  shorter  and  thicker ;  probably  each  consists  of  a  double  row  of  dots, 
but  the  section  it  too  thick  lo  make  this  certain.  The  nucleolus  assumes  its 
delinlle  outline  and  the  nuclear  membrane  reappears,      X5S5. 

Fig.  S  a.  Port  of  a  single  pair  of  lilamenii  from  a  nucleus  rather  older  than  that 
shown  In  Fig.  8.  Each  filament  is  irregularly  thickened  and  bean  a  double  row 
of  dots.     Magnified  about  1000  timet. 

Fig.  9.  Pollen-mother-cell  ftom  a  thin  serial  ■ecti<xi.  The  immature  cbromo- 
somes  cimeiit  of  two  Iwiited  leugthi  of  Unin-ilhboa,  eftcb  bearing  two  rows  of 
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cbromatin-granules  :  »,  nucleolus,  round  which  some  of  the  chromosomes  are  still 
clustered,     x  585. 

Fig.  9  a.  Single  immature  chromosome  from  nucleus  about  same  age  as  that  of 
Fig.  9f  more  highly  magnified. 

Fig.  10.  Pollen -mother-cell  from  thick  serial  section  (15  m).  The  chromosomes 
are  nearly  mature :  n,  n,  fragments  of  nucleolus,      x  585. 

Fig.  10  a.  Pollen-mother-cell  from  serial  section  {10  fi  thick).  The  spindle  is 
just  appearing ;  part  of  the  nuclear  membrane  is  still  seen  at  x .  Small  drops, 
probably  of  nucleolar  matter,  are  visible  in  the  cytoplasm,      x  585. 

Fig.  II.  Pollen-mother-cell  from  same  section  as  Fig.  10.  The  asymmetrical 
spindle  is  just  formed,     x  585. 

Fi*;.  II a.  Pollen-mother-celi  from  thick  serial  section  (i3-5/<).  The  spindle 
is  still  asymmetrical,  and  though  the  chromosomes  are  attached  to  the  spindle- 
fibres,  they  are  not  as  yet  arranged  in  an  equatorial  plate,     x  585. 

Fig.  13.  Pollen- mother-cell  from  thin  serial  section  (7*5  fi).  Part  of  the  nuclear 
plate  is  seen  tangentially.      x  585. 

Fig.  13.  Pollen-mother-cell  from  thin  serial  section  (10 1«).  Four  chromosomes 
are  seen  just  before  the  separation  of  their  segments  is  complete,     x  585. 

Fig.  14.  Pollen-mother-cell  from  same  preparation  as  Fig.  la.  The  daughter- 
chromosomes  are  formed  and  on  their  way  to  the  poles.  Each  is  V-shaped,  with 
the  angle  more  or  less  bent  back,     x  585. 

Fig.  15.  Pollen-mother-cell  from  same  anther  as  Figs.  la  and  14.  Two 
daughter-nuclei  are  formed  with  cell -plate  between  them,     x  585. 

Figs.  i6-aa.    Second  karyokintsis  in  polUn-motker-ctU, 

Fig.  16.   Tangential  view  of  daughter-nucleus  in  spirem-stage.     x  looa 

Fig.  17.  Similar  view  of  rather  older  nucleus.  The  coils  are  being  pulled  out  in 
the  direction  of  the  future  spindle,     x  1000. 

Fig.  18.  Nine  chromosomes  formed  from  the  spirem -daughter-nucleus.  Nos.  1, 
3|  3>  4>  5*  and  9  are  V-shaped,     x  1000. 

Fig.  19.  Five  chromosomes  on  spindle  of  daughter-nucleus.  All  show  V-shape. 
X 1000. 

Fig.  ai.  Two  chromosomes  from  nuclear  plate  of  daughter-nucleus  just  as 
segments  are  separating,     x  1000. 

PLATE  XI. 

Fig.  ao.  Pollen-mother-cell  divided  into  two  compartments,  each  containing 
a  nuclear  plate,      x  585. 

Fig.  aa.  Pollen-mother-cell  divided  :  the  nucltus  of  each  daughter-cell  has 
formed  a  diaster.      x  585. 

Figs.  33-28.   Karyokinesis  0/ pollen-grain-nucieus. 

Fig.  33.  Sections  of  immature  pollen-grain,  (a)  parallel  to  long  axis,  (b)  per- 
pendicular to  long  axis,     n,  nucleus,     x  300. 

Fig.  34.  Section  of  pollen-grain  with  nucleus  in  which  the  spirem-ribbon  is 
formed.     A  differentiated  mass  of  cytoplasm  is  seen  near  the  nucleus,     x  585. 

Fig.  35.    Tangential  view  of  nucleus  in  spirem-stage  :  if,  nucleolus,     x  1000. 

Fig.  36.  Five  chromosomes  arranged  on  spindle.  Longitudinal  fission  not  yet 
apparent,      x  1000. 
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Fig.  21.  Four  chromosomts  on  Bpindle.  The  segments  of  each  sre  in  the  act 
of  sepusting.     X  looo. 

Fig.  iS.  Sectiop  of  pollen-grain  in  which  the  danghtei-chromosomes  of  the 
dividing  nucleui  lue  just  separating.  At  the  inner  pole  ii  a  difTermtiated  mass 
of  cytoplnsoj.      xjSj, 

Figa.  19-34.    Katyohitusi!  of  generaiivf  nuclcm  in  folleii-lubi. 

Fig.  19.    Sligma  slightly  «nlBT|^. 

Fig.  30.  Section  of  pollcn-gtain  in  situ  on  stigma  and  jost  about  to  pat  oat 
lobe:  c.  h.  v^ctative  nocleus;  /.  h  generative  noclcos  already  in  aplrem-stage. 
XSSJ. 

Fig.  30a.  Empty  sbel!  of  poUen-graio  with  remains  of  tnbe,  from  dissection 
of  stigma.      X  100, 

Fig.  31.  Stigmalic  hain  wiib  pollen-giaini  germinatiag  among  Ihcm:  p.  I. 
Inbe  from  which  exjne  {ex)  has  bllen  off,  and  containing  geneialive  nucleus  (g. ».)  ; 
p.g.  poUeo-giain  which  has  pot  ont  coiled  lobe.      x66. 

Fig.  31.  Pollen-tube  containing  generalive  cell  in  which  generative  nucleus  is 
on  the  eve  of  fomiing  chcomosomes  from  lengths  of  spiiem- ribbon,      x  1000. 

I^ig'  33-  Pollen-tube  in  which  generative  nncleas  hna  formed  twelve  chromo- 
somes, each  divided  longitudinally,     x  looo. 

Fig.  34.  Germinating  pullcn-grain  from  disieclion.    Three  nnclei.     x  li)0. 

DIAGRAMS. 

The  two  series  of  diagnmt  illustrate  the  ditFerence  between  the  helerotype 
process  of  nuclear  division  in  LUium  Alarlagot  and  the  homotype  process. 

The  homotype  series  is  founded  on  drawings  of  the  vegelativc  nnclei  which 
are  seen  in  tissnea  of  the  young  ovule  and  ovary  (T,  p.  451).  They  are  drawn 
as  though  each  nacleus  had  twelve  chiomosomes  in  place  of  twenty-four. 

The  hetetotype  series  is  founded  on  drawings  from  the  first  division  of  the 
embryo-sac  nucleus.  The  ipindle  is  drawn  on  the  same  scale  as  the  homotype 
spindle,  which  makes  the  hclerolyjie  chromosomes  appear  smaller  tlian  the 
homotype  chromosomes.  For  the  ratio  of  spindle- length  to  chtomosonic-lenglh  19 
greater  in  the  heteiolype  than  in  the  homotype  karyolcincsis. 
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EXPLANATION   OF  FIGURES  IN  PLATE  XIX. 

Illustrating  Mr.  Holmes  paper  on  Obolaria  virginica. 

(The  letters  in  the  Figures  indicate  as  follows :  B^  Bark-parenchyma ;  Ca, 
Cmmbiam ;  End^  Endodermis ;  Ep^  Epidermis ;  H^  Hadrome ;  Hyp^  Hypodenn  ; 
Z,  Leptome ;  My  Mesophyll ;  /*,  Pith ;  P,  H,  Protohadrome ;  /V,  Pericambium  ; 
V,  Vessels.) 

Fig.  z.  One  of  the  papilliferons  scales  from  the  corolla.     X65. 

Fig.  a.  Stoma  from  the  superior  face  of  a  stem-leaf.     X440. 

Figs.  3  and  4.  Two  stomata  from  the  inferior  face  of  a  stem-leaf;  these  were 
taken  from  that  part  of  the  epidermis  which  covers  the  veins,     x  440. 

Fig.  5.  Transverse  section  of  a  stem-leaf.  Some  of  the  epidermal  cells  contain 
anthocyan  (drawn  with  dots .  in  the  Figure),  and  the  mesophyll  forms  a  uniform 
tissue  without  being  differentiated  into  any  special  palisade  or  pneumatic  tissue. 
X440. 

Fig.  6.  Glandular  hair  from  the  axil  of  one  of  the  stem-leaves.      x  440. 

Fig.  7.  Epidermis  of  the  stem,     x  440. 

Fig.  8.  Stoma  horn,  the  stem,     x  440. 

Figs.  9,  10  and  11.  Transverse  sections  of  the  stem,  showing  the  epidermis  and 
a  part  of  the  bark  (Fig.  9),  the  endodermis,  a  group  of  leptome,  a  part  of  the 
hadrome  (Fig.  10),  two  groups  of  the  inner  leptome,  and  a  part  of  the  pith 
(Fig.  II).     X440. 

Fig.  I  a.  A  very  small  group  of  the  inner  leptome  imbedded  in  the  pith,     x  440. 

Fig.  13.  Transverse  section  of  a  young  root,  showing  a  part  of  the  inner  layers 
of  the  bark,  the  endodermis,  the  pericambium,  the  leptome  and  hadrome.     x  440. 

Fig.  14.  Transverse  section  of  a  full-grown  root,  showing  the  inner  layers 
of  the  bark-parench3rma,  of  which  two  cells  show  glomemles  of  fungus«hyphae. 
The  endodermis  and  the  pericambium  show  numerous  tangential  and  radial 
divisions.    Between  the  leptome  and  hadrome  is  a  great  mass  of  cambial  tissue. 

X  440. 

Figs.  15  and  16.  Two  cells  of  the  endodermis  of  a  full-grown  root  showing 
radial  and  tangential  divisions,     x  440. 
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On  the  leaves  of  Lathraea  Squamaria  and  of 
some  allied  Scrophulariaceae. 


BY 


PERCY  GROOM,  M.A.,  F.L.S. 


With  Woodcut  7. 


IN  a  former  paper  (8)  I  have  attempted  to  show  that  certain 
saprophytes  possess  structures  which  enable  them  to  get 
rid  of  any  excess  of  water  absorbed  during  their  subterranean 
period  of  existence.  In  particular,  I  drew  attention  to  the 
fact  that  saprophytes  may  possess  stomata  or  peculiar 
epidermal  patches  on  their  underground  shoots,  which  would 
facilitate  the  excretion  of  water  either  as  liquid  or  vapour. 
It  seemed  probable  that  if  my  suggested  explanation  of 
these  histological  details  were  correct,  some  corresponding 
mechanisms  might  be  discovered  in  other  geophilous  plants, 
and  even  in  parasites  accustomed  to  a  partially  subterranean 
mode  of  life. 

Lathraea  Squamaria  suggested  itself  as  a  favourable  subject 
for  study,  particularly  as  this  plant  can  go  through  its  whole 
cycle  of  life  completely  embedded  in  the  soil;  even  form- 
ing cleistogamic  subterranean  flowers,  and  being  capable  of 
regenerating  itself,  when  broken,  by  means  of  fragments  of  its 

(Atmali  of  Botany*  VoL  ZL  No.  XUIL  SoptombOTf  1807.] 
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shoots.  Further,  this  plant  is  very  frequently  found  in  soil 
which  IS  very  moist,  or  thoroughly  wet,  during  the  active 
vegetative  season.  It  consists  of  a  branched  rhizome  bearing 
many  lateral  roots.  The  roots  spring  from  the  sides  of  the 
rhizome  and  bear  many  lateral  haustoria.  The  scales  on  the 
rhizome  are  arranged  in  a  decussate  manner  and  closely 
packed  together.  Each  scale  is  pocket-like  in  form,  with  the 
mouth  of  the  branched  pocket-cavity  opening  on  the  lower 
face  of  the  leaf.  The  epidermis  lining  the  cavity  represents 
the  lower  face  of  the  leaf;  it  is  devoid  of  stomata,  but 
possesses  hairs  of  two  sorts;— (i)  shortly-stalked  capitate 
hairs ;  (2)  peculiar  dome-shaped  hairs,  often  described  as 
sessile  glands.  Both  forms  of  hairs  arc  glandular  in  ap- 
pearance. 

Proof  of  the  excretion  of  water.  A  healthy  flowering 
specimen  of  the  plant  was  dug  up  from  damp  soil.  Water 
was  forced  into  the  open  ends  of  cut  shoots  by  means  of 
columns  of  mercury  varying  from  12-24  inches.  Subsequent 
examination,  after  a  lapse  of  some  hours,  showed  that 
excretion  had  been  so  vigorous  as  to  cause  an  outflow  of 
water  from  the  pockets  of  the  younger  leaves.  I  could  not 
prove  that  there  had  been  any  excretion  of  water  from  the 
oldest  leaves;  there  was  not  sufficient  to  cause  an  outflow 
from  their  pockets  which  contained  both  air  and  liquid. 
Larimer  parts  of  the  plant  kept,  with  rhizomes  and  roots 
dipping  into  water,  and  in  a  saturated  atmosphere,  did  not 
excrete  water  sufflciently  rapidly  to  cause  any  overflow  from 
the  pockets. 

Owing  to  the  peculiar  form  of  these  leaves,  it  is  impossible 
to  see  directly  which  portions  of  the  epidermis  lining  the 
pockets  are  responsible  for  the  excretion  of  water :  it  was 
only  possible  to  show  that  the  water  came  from  the  cavities, 
and  not  from  the  epidermis  of  the  upper  face.  Experiments 
of  forcing  coloured  solutions  into  the  leaves  gave  no  satis- 
factory results.  Fortunately  a  number  of  parasitic  Scrophu- 
lariaceae  (3)  possess  hairs  like  those  of  Lathraea  ;  I  therefore 
examined  several  of  these  plants. 
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PKIUCI'LARIS    I'ALUSTRIS. 

Inasmuch  as  this  plant  lives  in  damp,  even  marshy,  six>ts, 
it  seemed  probable  that  it  would  possess  a  water-excreting 
mechanism.  Its  much-lobed  leaves  have  their  margins  re* 
curved  downwards.  On  the  lower  face  of  the  leaf  very 
numerous  dome-shaped  glands  lie  in  furrows;  over  the  fine 
ner\'es,  especially  near  the  margins,  the  glands  are  so  numerous 
and  large  in  some  spots  as  to  be  in  lateral  contact  to  the 
exclusion  of  general  epidermis.  The  vascular  bundles  of 
the  leaf  end  in  fine  branches  running  close  to  the  epidermis 
of  the  lower  face,  and  therefore  very  near  to  dome-shaped 
glands.  These  fine  nerves  are  separated  from  the  upper 
epidermis  by  the  well-developed  palisade-parenchyma.  The 
shortly-stalked  cipitate  glands  are  exceedingly  rare  on  the 
lower  epidermis,  but  long-stalked  hairs  occur  along  the 
courses  of  the  grosser  ner\'es  on  that  face.  Numerous  stomata 
are  present  on  the  lower  face.  Dome- shaped  glands  and 
stomata  are  absent  from  the  upper  face  of  the  leaf;  but  a  few 
capitate  hairs  occur  above  the  courses  of  the  nerves. 

lixcreiioH  of  ivatrr  from  ike  Uax*fs.  When  water  was 
forced  up  shoots  under  a  pressure  of  1  inch  of  mercury 
(in  addition  to  the  atmospheric  pressure),  it  sufficed  to  cause 
an  inst.intancou5  excretion  of  water  from  the  leaves.  Hut 
when  a  pressure  of  %e\'cr.ii  inches  of  mercury*  was  applied, 
the  water  gushed  out  from  the  leaves  with  great  rapidity. 
All  the  young  leaves  were  dripping  with  moisture,  and  water 
was  to  l>e  seen  falling  from  the  leaf- tips  and  running  down 
the  surface  of  the  stem  in  swift  little  streams,  also  welling  up. 
fountain-like,  from  the  leaf-axils.  The  ver)*  violence  of  the 
outftiKir  renderetl  it  im|)Ossible  to  localixe  its  exact  source- 
Inverting  an  excreting  branch  served  to  demonstrate  that  the 
)f>un^;  leaves  were  mainly  res|M>n»ible  for  the  excretion  of 
water,  anil  that  in  the  first  ex|)rriment  the  stem  merely 
conducted  the  water  down  the  hair)*  lines  on  its  surface, 
and  thus  rause«l  the  overflow  at  the  leaf-axils. 

//ii/t*/tx}  (/  M/  dvmf*ik^td gtamds.   The  exccmve  number 
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of  the  dome-shaped  glands,  thdr  dose  connexion  with  the 
trachddes  terminating  the  vascular  bundles,  the  separation 
of  the  latter  from  the  upper  face  of  the  leaf,  and  finally  the 
instantaneousness  of  the  outflow,  all  pointed  to  the  dome- 
shaped  glands  as  being  responsible  for  the  excretion  of  water. 
It  seemed  possible  that  a  careful  examination  of  these  latter 
might  reveal  some  permeable  spot  in  their  cuticularized  walls. 
Each  gland  consists  of  four  cells  arranged  to  form  a^broad 
truncate  cone  with  both  base  and  apex  convex.  The  single 
basal  cell  is  the  largest,  and  bulges  into  the  b'ssue  of  a  leaf. 


Above  it  succeeds  a  single  discoid  stalk-cell.  The  two  re- 
maining cells — the  cap-cells — lie  on  the  stalk-cell  like  two 
quadrants,  roughly  forming  a  hemisphere.  The  exposed  walls 
of  the  gland  are  everj'where  cuticularized,  excepting  at  a 
circular  spot  in  the  centre  of  the  apex  at  the  junction  of  the 
two  cap-cells.  The  cuticle  is  here  interrupted  by  a  lai^ 
pore  spanned  by  cellulose ;  but  inasmuch  as  the  cuticle  is 
usually  slightly  raised  round  the  margins  of  the  pore,  the 
latter  in  lateral  optical  section  looks  somewhat  like  a  unilateral 
bordered  pit.  The  pore  is  often  blocked  by  a  little  plug 
of  mucilage,  which  frequently  protrudes  outwardly  in  the  form 
of  a  minute  rounded  knob.    This  mucilage  in  many  of  these 
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(glands  contains  solid  calcium  carbonate  in  sniall  quantities. 
The  external  walls  of  the  f^land  are  marked  %^4th  straid^ht 
striations,  which  descend  from  the  cap-cells  to  the  basal  cell 
as  far  as  the  (general  epidermis  or  to  the  point  of  contact 
of  a  conttf^uous  (^land.  The  cuticle  is  thickest  on  the  wall  of 
the  stalk-cell.  The  transverse  walls  bounding  the  stalk-cdl 
arc  thin,  and  consist  of  pure  cellulose.  The  basal  cell  has 
conspicuous  elonfi^ted  pits  on  its  lateral  walls  where  they 
impinge  on  the  basal  cell  of  an  adjoining  gland.  The  fine 
vascular  bundles  have  well-developed  trachetdes,  and  run 
close  beneath  the  dome-shaped  glands.  When  the  bundle 
still  possesses  phloem  (which  therefore  lies  between  the 
tracheides  from  the  glands),  a  unique  histological  provision 
exists  apparently  for  the  purpose  of  directing  the  flow  of 
water  from  the  tracheides  to  the  neighbouring  glands.  The 
cells  of  the  nerve-parenchyma-sheath  lying  on  the  side  away 
from  the  glands  are  closely  set  together  without  intercellular 
spaces :  but  tracing  them  up  to  the  sides  of  the  bundle  towards 
the  glands,  they  are  continuous  with  series  of  thin-walled 
parenchymatous  cells  which  end  finally  under  the  glands. 
Distinct  intercellular  spaces  occur  amongst  these  connecting 
cclN.  Where  their  walls  connect  them  with  their  fellow-cells 
they  consist  of  pure  cellulose,  but  where  the  walls  bound  the 
intercellular  S{>.ices  they  are  cuticularizcd.  The  result  is  that 
the  ner\'e-{)arrnchyma-cclls  in  contact  with  the  tracheides 
communicate  with  the  basal  cells  of  the  glands  b>*  thin-walled 
cells  whf>se  intercellular  spaces  form  a  network  completely 
line<l  with  cuticle.  This  arrangement,  I  suggest,  enables  water 
to  flow,  even  under  pressure,  from  the  tracheides  to  the  distant 
glands  without  being  forced  into  the  intercellular  spaces. 
Where  the  intercellular  spaces  reach  the  lower  wall  of  a  basal 
cell,  the  cuticularization  spreads  over  that  region  of  the  liasal 
wall.  Ilenre  the  lower  wall  of  a  basal  cell  is  cuticularifcd 
in  patches  which  corres{><>nd  to  the  intercellular  spaces ;  but 
consists  of  jnirr  cellulose  where  it  touches  the  subjacent 
parenchyma.  Fven  when  the  vascular  bundles  have  lost  their 
phloem,  the  tracheides  being  still  sqianited  from  the  glands 
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by  several  layers  of  cells,  the  same  peculiar  system  of  cuti- 
cularized  canals  is  often  visible.  When,  however,  the  bundles 
dwindle  to  a  line  of  tracheides  separated  from  the  dome- 
shaped  glands  by  only  one  layer  of  parenchyma,  I  sometimes 
failed  to  detect  cuticularization  of  the  walls  bounding  the 
intercellular  spaces.  Near  the  margin  of  the  leaf  the  tracheides 
are  dilated  and  ampullate,  and  end  against  small  parenchy- 
matous cells  which  connect  them  with  the  basal  gland-cells. 
These  parenchyma-cc!!s  are  always  separated  by  considerable 
intercellular  spaces:  so  that  these  marginal  glands  arc  built 
on  precisely  the  same  physiological  plan  as  those  in  Laikraea, 
though  not  in  the  same  histological  manner. 

Rhinanthus  Crista-galli. 

As  the  excessively  rapid  discharge  of  water  from  the  leaves 
of  Pedicitlaris  rendered  it  impossible  to  localize  the  exact 
source  of  the  excretion  of  water,  it  seemed  advisable  to  select 
a  plant  whose  leaves  possessed  fewer  dome-shaped  glands. 
On  this  account  I  found  Rhinanthus  Crista-gaHi  a  suitable 
subject  for  investigation. 

Each  leaf  ia  thick  with  indented  margins  which  are  slightly- 
recurved  towards  the  lower  face.  The  nerves  correspond 
with  depressions  on  the  upper  face.  The  secondary  nerves 
run  from  the  midrib  to  the  sinuses,  of  the  marginal  indenta- 
tions. The  dome-shaped  glands  are  very  much  less  numerous 
than  in  the  two  preceding  plants ;  they  are  limited  to  the 
lower  face  of  the  leaf,  and  only  lie  over  the  finest  nerves, 
especially  near  the  margin.  The  shortly-stalked  capitate 
glands,  distributed  in  the  same  manner,  are  very  much  more 
numerous,  but  they  also  occur  in  considerably  smaller  num- 
bers in  the  furrows  denoting  the  nerves,  on  the  upper  face 
of  the  leaf.  Acuminate  hairs  are  present  on  both  faces  of 
the  leaf  and  on  the  mai^rins.  The  stomata  are  numerous 
on  the  lower  face,  and  a  few  occur  on  the  upper  face  of 
the  leaf. 

Excretion  of  water  by  the  Leaves.     Plants  rooted  in  grass- 
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socU,  and  cut  shoots  into  which  water  was  forced  under 
pressure,  when  kept  in  a  saturated  atmosphere,  both  gave 
the  same  results  as  regards  the  excretion  of  water.  Water 
was  slowly  poured  out  by  the  young  leaves.  The  obser\'a* 
tions  on  the  source  of  the  excreted  water  were  at  first  quite 
imcxpected.  Rarely  could  any  water  be  seen  on  the  lower 
faces  of  the  leaves  (where  the  dome-shaped  glands  occur) ; 
whereas  it  was  constantly  visible  in  the  sunken  channels 
marking  the  upper  faces  of  the  sccondar>'  nerv'es,  and  extended 
as  a  thin  film  to  the  marginal  sinuses.  At  first  it  appeared 
that  this  water  could  not  have  been  excreted  by  the  dome- 
shaped  glands:  nor  did  it  seem  more  likely  that  it  could 
have  been  |M>urcd  out  by  the  capitate  hairs  or  stomata,  both 
of  which  arc  more  numerous  on  the  lower  than  on  the  upper 
face  of  the  leaf.  A  few  simple  ex{)criments  cleared  up  the 
mystery.  A  shoot  was  held  in  an  erect  position  with  the 
leaves  extended  in  the  normal  |>osition,  and  a  drop  of  water 
was  placed  on  the  lower  face  of  an  unmoistened  leaf  near  the 
margin.  The  drop  spread  to  the  nearest  marginal  sinus,  and 
extended  itself  in  the  form  of  a  thin  film  along  the  sunken 
channel  marking  the  up{>er  face  of  the  sccondar)*  ner\'e  which 
supplied  that  Mnus.  A  drop  of  water  placed  on  the  lower 
face  of  a  leaf  near  the  midrib  (where  no  gland>  occur)  did  not 
move :  it  rt-m.iinc*cl  a  drop.  Fiiuilly.  a  drop  of  water  placed 
«in  the  upper  face  of  a  normally  dis}M»sctl  leaf  flowed  along 
the  sunken  thannets  i*f  the  Nccomlary  ner\-e9  towards  the 
channel  of  the  midrib,  but  did  not  appreciably  spread  towards 
the  margin.  TheNC  ex|)erimcnts  show,  thcref«*re,  that  in  a 
normally  rx^reting  leaf,  the  water  present  in  the  |>eripheral 
|K)rtion>  <'f  the  iu*r\'c-channels  in  the  up|>er  face  must  have 
been  ex( retell  by  the  up|H:r  or  lower  face  near  the  margin. 
Illa^muih  as  the  histological  dctaiU  c»f  the  up|icr  face  4*f  the 
leaf  are  cssetitiaily  the  san)e  throu^^hout,  and  there  is  no  tl«>fle 
connexion  tM-tueen  the  up|>ci  cpidcimis  arul  the  tracheides, 
nor  any  |>et  ulurity  in  the  epuletmi'*  near  the  margin,  there 
IS  every  r lis* in  to  tx-iieve  that  the  water  is  not  excreted 
by  the  upper  ijkK^     ( 'n  the  c*  nliary.  the  |K>rtions  o{  the  lower 
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face  near  the  margins  differ  markedly  from  the  parts  near 
the  midrib  in  their  possession  of  dome-like  glands,  more 
numerous  capitate  hairs,  and  in  the  close  histological  con- 
nexion of  these  with  the  fine  ends  of  the  bundles. 

Structure  of  the  donu-shaped  glaitds.  These  glands  are 
built  upon  the  same  plan  as  those  of  Lathraea.  Four  cells 
with  parallel  lateral  walls  form  a  cap ;  a  large  biconvex  cell 
lies  below ;  and  beneath  it  arc  four  cells  which,  seen  from 
above,  look  like  the  four  quadrants  of  a  disk,  but  have  con- 
siderable round  or  elliptical  intercellular  space  at  the  middle 
of  each  radius.  The  exposed  walls  of  the  gland  are  cuticu- 
larized  everywhere  save  at  the  centre  of  the  tip  of  the  gland, 
where  a  pore  like  that  of  Lathraea  occurs.  The  rim  of  the 
pore  has  a  slightly  thickened  ring  of  cuticle,  which  often  may 
be  seen  to  project  slightly  outwards.  A  mucilaginous  plug 
protrudes  outwards  in  the  form  of  a  small  hemisphere.  In 
neither  this  plant  nor  in  Pedtadaris  could  I  satisfy  myself 
whether  the  plug  is  or  is  not  perforated  by  an  axial  canal ; 
but  in  Rhinanthus  the  plug,  looked  at  from  above,  often 
seemed  to  have  the  appearance  of  being  traversed  by  a 
vertical  fine  canaliculus.  The  trachcides  and  vessels  under- 
lying these  glands  arc  less  developed  and  narrower  than  in 
Lathraea  and  Pedicularis,  only  near  the  leaf  margin  are  the 
tracheides  dilated.  There  is  no  cuticularization  of  the  walls 
of  the  parenchymatous  cells  connecting  the  tracheides  and 
the  lowest  series  of  gland-cells.  The  walls  of  the  capitate 
hairs  are  externally  cuticularized,  there  is  no  perforation  of 
the  cuticle. 

Odontites  rubra. 

Rooted  plants  and  cut  shoots  into  which  water  was  forced 
by  mercury-pressure  gave  a  very  feeble  excretion  of  water, 
even  when  kept  in  an  atmosphere  saturated  with  aqueous 
vapour.  With  the  naked  eye  the  drops  could  only  be  seen 
on  the  lower  lace  of  the  leaf  near  the  tip.  My  experiments 
with  this  plant  were  interrupted,  consequently  1  can  merely 
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point  out   that  the  feeble  excretion  of  water  goes  side  by 
side  with  the  numerical  weakness  in  dome-shaped  glands. 


Conclusions. 

So  far  I  have  shown  that  water  is  excreted  in  a  liquid  form 
by  the  leaves  of  Laikrara,  Pedicularis,  Rkinanikus^  and 
Odontites^  all  of  which  possess  dome-shaped  glands  on  thdr 
lower  faces.  The  following  facts  tend  to  prove  that  the 
water  is  {>oured  out  by  the  dome-shaped  glands: — 

1.  The  amount  of  water  poured  out  is  large  when  these 
glands  are  numerous  (Laikrara,  JWdiculaf  is),  and  small  when 
they  are  few  in  number  yKkiHantkus.  OdontiUs). 

2.  There  are  indications  that  only  those  portions  of  the 
leaf-surface  which  bear  these  glands  excrete  water  (Latkraea^ 
KkinaHikus), 

\.  The  cuticle  of  these  glands,  in  the  three  cases  investi* 
gated,  is  |K-rforated  by  a  pore  \^Latkrara  (l)»  Pedkularis^ 
RkinaHthus\  which  renders  that  region  of  the  wall  permeable 
to  water.  I  therefore  regard  this  {>ore  as  a  water-way,  not 
as  a  cliannel  through  which  mucilage  may  be  excreted,  as 
is  generally  su|>|>(>sid. 

4.  Thete  is  a  close  connexion  between  the  tracheides  in 
the  fmc  buiulles  ami  these  glands  I  can  confirm  the  accounts 
given  by  Scltcitul  (H  who  alone  of  previous  obNcr>'cfs  has 
correctly  ileMribed  the  structure  of  thise  gland«  in  I.athtaea 
and  their  relations  to  the  trachrtdet.  As  Scherflel  |j«>ints  out, 
it  is  not  true  that  a  bundle  of  tracheides  tcrmirutes  under 
each  ^:land.  I  find  a  network  of  tracheides  very  cli*se  lieneath 
the  epidermiN  lining  the  {Muket.  At  certain  |)oints,  i's|K:i'tally 
at  mnles  <»f  the  network,  certain  br<»ad  ampullate  tracheides 
bul^e  out  to\%ards  the  epidermis  ;  but  the>e  lateral  bulgtngs 
are  Ic***  nuinirwiii  than  the  dome-like  i;Iands.  and.  moirover, 
i.ipitate  hairn  »t.»nil  «»\er  theni  as  well  as  d«>n)e-like  glands. 
'Ihtie  IN  nti  (raie  ot  the  cuticulart/ation  of  the  walls  ul  sub- 
jaiiiit  launch)  iiia-v ells  ultite  they  bound  intercellular  s|atcs. 
In  the  plane  %4.ak!i  on  the  llural  axis  of  LatArtua,  the  dome* 
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like  glands  are  only  found  just  outside  the  ends  of  the  fine 
nerves. 

The  excretion  of  water  does  not  take  place  through 
stomata,  for  they  are  absent  from  the  subterranean  scales 
in  Lathraea :  nor  through  spc-cial  water- stomata,  which 
are  absent  in  all  these  plants  (excepting  that  the  teeth- 
stomata  of  the  flat  scales  of  Lathraea  may  be  water-pores). 
There  is  every  reason  to  believe  that  the  capitate  glands  are 
not  appreciably  responsible  for  the  excretion  of  water,  for 
they  are  most  numerous  where  excretion  is  very  slow  [Rhi- 
iianthus),  and  show  no  intimate  and  necessary  connexion  with 
the  ends  of  the  vascular  bundles.  We  are  therefore  entitled 
to  assume  that  the  subterranean  seale-kaves  of  Lathraea  are 
the  -water-excreting  organs  of  the  subterraiuan  plants,  and  that 
this  excretion  of  water  is  vigorous,  inasmuch  as  the  dome- 
shaped  glands  are  numerous.  This  view  is  confirmed  by 
a  fact  recorded  by  Mr.  Gilburt  (2)  in  his  valuable  little  paper. 
Mr.  Gilburt  imagined  that  the  dome-shaped  glands  excreted 
an  acid  sap  which  should  serve  to  dissolve  oiganic  substances 
in  the  soil  in  order  that  the  solution  might  be  reabsorbed  as 
food.  This  excretion  of  acid  sap,  he  says,  is  abundant,  for 
*  in  the  bank  from  which  I  iiave  taken  my  material,  and  which 
is  composed  of  a  light,  friable  soil,  the  soi!^  immediately 
surrounding  the  Lathrea  {sic)  was  saturated  with  moisture, 
while  all  beside  could  be  crumbled  apart  with  the  fingers.' 
A  number  of  observers  record  that  liquid  as  well  as  air  is 
to  be  found  in  the  pockets. 

This  view  of  the  water-excreting  function  of  the  subterra- 
nean leaves  of  Lathraea  is  confirmed  by  reference  to  other 
allied  types  with  subterranean  scales.  On  these  latter,  as 
well  as  on  the  aerial  leaves  of  the  same  plants,  dome-shaped 
glands  are  found.  I  take  the  following  anatomical  facts 
mainly  from  Hovelacque's  comprehensive  work  (3).  Bartsia 
alpina  is  a  root-parasite,  usually  living  in  humus-laden  wet 
earth.  Its  aerial  leaves  have  dome-shaped  glands  over  the 
fine  nerves  near  the  margin  of  the  lower  face.  The  subterra- 
nean scales  possess  numerous  dome-shaped  glands  and  capitate 
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hairs  on  the  more  peripheral  portions  of  their  lower  faces. 
Pedictdaris  sylvatica  grows  in  moist  meadows.  Its  lowest, 
quite  subterranean,  leaves  have  backwardly  recurved  margins, 
and  only  under  the  reflected  portions  on  the  lower  face  are 
the  numerous  dome-shaped  glands  which  are  mingled  with 
capitate  hairs.  Under  these  dome-shaped  glands  the  fine 
nerves  form  an  almost  subepidermal  network  of  tracheides. 
The  foliage-leaves  have  recurved  margins,  and  possess 
numerous  dome-shaped  glands  on  their  lower  faces,  along 
the  courses  of  the  fine  nerves :  but  the  glands  are  not  confined 
to  the  reflected  portion.  Tozzia  alpina  grows  in  wet  alpine 
spots.  The  plane  foliage-leaves  possess  on  their  lower  faces, 
along  the  courses  of  the  fine  nerves,  numerous  dome-shaped 
glands  and  capitate  hairs,  which  are  especially  abundant  near 
the  marginal  sinuses.  The  wholly  subterranean  scales  have 
their  lateral  margins  very  strongly  reflected  backwards,  so 
that  only  small  parts  of  their  lower  faces  are  visible. 
Numerous  dome-shaped  glands  and  capitate  hairs  clothe 
the  inner  (lower)  surface  of  the  reflected  parts,  and  many 
dilated  tracheides  end  directly  under  the  epidermis  of  this 
region.  The  scales  higher  up  have  their  lateral  margins 
strongly  reflected  only  on  the  more  distal  parts,  and  their 
basal  portions  are  like  the  foliage-leaves  as  regards  the  dis- 
position of  the  hairs.  Thus  these  three  Scrophulariaceous 
plants  (the  only  ones  on  which  I  can  find  observations 
recorded  with  reference  to  subterranean  scales  and  foliage- 
leaves),  growing  in  moist  or  wet  soils,  have  a  specially 
well-developed  system  of  dome-shaped  glands.  So  far  as 
I  can  judge  from  Hovelacque's  descriptions  and  figures,  it 
stems  that  there  is  a  relative  increase  in  the  development  of 
these  glands  in  the  subterranean  scales  compared  with  the 
aerial  leaves :  this  is  very  cleariy  marked  in  Tozzia  and  in 
Lathraea.  This  recalls  the  increased  development  of  the 
physiologically  equivalent  water-excreting  mechanism  to 
which  I  called  attention  in  the  subterranean  parts  of  sapro- 
phytes (8).  It  further  leads  us  to  anticipate  that  ordinary 
green  gcophilous  plants  will  possess  some  similar  mechanism. 

K  c 
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In  all  these  cases,  the  considerable  development  of  the  water- 
excreting  apparatus  in  subterranean  parts  is  to  be  correlated 
with  the  fact  that  the  nature  of  the  environment  of  these 
parts  is  such  as  to  depress  or  entirely  arrest  transpiration 
underground. 

It  has  been  frequently  suggested  that  both  the  dome- 
shaped  glands  and  the  capitate  hairs  absorb  nutrient  liquids. 
Mr.  Gilburt  made  a  few  experiments,  and  obtained  evidence 
of  the  absorption  of  salts  when  supplied  to  these  structures, 
and  he  therefore  concluded  that  they  naturally  absorb  solu- 
tions found  in  the  soil.  But  a  glance  at  Mr.  Gilburt's 
statistics  shows  that  the  absorption  of  the  salts  was  ex- 
ceedingly slow,  and  in  some  instances  could  not  be  detected 
at  all.  I  therefore  regard  his  statistics  as  pointing  out  that 
the  absorbent  activity  of  the  glands  and  hairs  is  so  incon- 
siderable that  we  cannot  supposii  it  to  be  of  any  fundamental 
importance  to  the  plant.  My  own  limited  experiments 
confirm  this  view.  By  the  use  of  very  dilute  solutions  of 
gentian  violet,  by  plasmolysi.'i  with  common  salt  solution,  or 
by  staining  with  iodine  (potassic-iodide  solution)  placed  on 
an  intAct  leaf  of  Lat/itaea,  it  was  easy  to  show  that  the 
epidermis  lining  the  pocket  is  more  permeable  to  solutions 
than  is  the  exposed  epidermis.  But  only  occasionally  did 
I  get  any  signs  of  a  more  rapid  absorption  of  liquids  by  the 
dome-shaped  glands  than  by  the  adjacent  epidermal  cells. 

Object  of  the  pocket-ltke  form  of  the  leaf.  Cohn  (4)  sug- 
gested that  these  leaves  might  entrap  and  digest  small 
organisms  living  in  the  soil,  but  he  dismissed  the  view,  as 
did  Krause  (5),  Echcrffel  (1),  and  Heinricher  (6):  their 
evidence,  together  with  the  fact  of  the  slow  rate  of  absorption 
of  liquids  by  the  glands  and  hairs,  is  sufficient  to  show  that 
the  concavity  of  the  leaves  has  nothing  to  do  with  the 
formation  of  a  trap.  I  believe  that  the  form  of  the  leaf  is 
adapted  to  protect  the  water-excreting  glands  {and  possibly 
the  capitate  hairs),  and  is  associated  with  the  subterranean 
mode  of  life.  The  glands  and  hairs  on  the  subterranean 
leaves  liave  to  contendj  not  only  with  climatic  changes  of 
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one  vegetative  season,  but  have  to  endure  the  hardships 
of  a  winter,  the  dangers  of  saturation  of  the  soil,  and  the 
percolative  movements  of  the  water  in  the  soil.  In  con- 
firmation of  this  view  the  following  facts  appear  in  reference 
to  Lathraea  and  the  parasitic  Scrophulariaceae  previously 
described  in  this  paper: — (1)  the  dome-shaped  glands  are 
frequently  confined  to  the  recurved  part  of  the  leaf;  (2)  the 
glands  are  always  very  numerous  in  the  strongly  recurved 
types  of  leaves ;  (3)  considering  any  particular  plant,  the 
relative  number  of  glands  on  the  leaf-surface  is  proportionate 
to  the  curvature  of  the  leaf;  (4)  the  curvature  is  strongest 
in  the  subterranean  leaves.  Even  when  the  curvature  is  not 
more  marked  in  the  subterranean  scales,  chambers  lined  by 
glands  are  formed  by  the  appropriate  arrangement  of  the 
scales,  at  any  rate  in  some  plants  {Bartsia). 

Additional  functions  of  the  scale-leaves  of  Lathraea,  I  can 
add  nothing  to  the  information  given  by  previous  observers 
with  reference  to  the  capitate  hairs.  The  leaves  excrete 
a  certain  amount  of  chalk.  Their  fleshy  mesophyll  contains 
a  great  quantity  of  large  grains  of  starch. 

Conclusion.  The  pocket-like  leaves  of  Lathrcua  are  excre- 
tory organs  and  carbohydrate-reservoirs.  Their  concavity  of 
form  is  assumed  for  the  purpose  of  protecting  the  subter- 
ranean excretory  mechanism ;  their  succulence  is  associated 
with  the  necessity  for  providing  house-room  for  the  rich 
stores  of  reserve  starch. 

This  research  was  conducted  in  the  Botanical  Laboratory 
of  the  University  of  Oxford. 
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POST.SCRlrX. 

This  investigation  was  concluded  in  June,  1S96,  and  the 
present  paper  was  written,  exactly  as  it  now  stands,  in  the 
autumn  of  the  same  year,  but  its  publication  has  been  un- 
avoidably delayed.  In  the  meanwhile,  G.  Ilaberlandt'  and 
Goebel  ^  liave  almost  simultaneously  published  papers  on 
Latkraea.  Both  these  investigators  agree  with  me  that  the 
subterranean  scales  of  Lathraea  excrete  water  into  their 
chambers,  and  that  the  specific  function  of  some  of  the  glands 
lining  these  cavities  is  to  rid  the  plant  of  an  excess  of  water, 
Haberlandt  concludes  that  the  capitate  hairs  alone  are 
responsible  for  the  excretion  of  water :  whereas  Goebel  sug- 
gests that  this  function  is  performed  especially  by  the 
dome-shaped  glands  {Sckilddriisefi).  My  paper,  I  think, 
contains  sufficient  proof  that  it  is  the  dome-shaped  glands 
which  are  the  definite  water-excreting  organs — the  hyda- 
thodes. 

'  G.  Hnl>erlflndt,  Zor  Kenntniss  dcr  Hydathoden  :  Jahrb.  f.  wisaenscli,  Bot., 
ixx.  Heft  4,  tK97. 

'  Goebel.  Ucber  die  biologische  Beilealiinj;  der  Blatthiihlen  liei  Tuiiia  unJ 
Lathtaea;    Flura.  IW.  Ixi\iil,  Heft  3,  1897. 
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Introduction. 

THE  peculiar  structure  of  the  vascular  bundles  in  the 
leaves  of  Cycadaceae  has  been  well  known  to  botanists 
since  its  discovery  by  Mettenius  in  i86o^  The  peculiarity 
depends  on  the  position  of  the  spiral  tracheae,  which  are  the 
first  formed  elements  (protoxylem)  of  the  wood.  In  ordinary 
collateral  bundles,  such  as  those  in  the  stem  of  Coniferae, 
and  in  both  stem  and  leaf  of  most  Angiosperms,  the  spiral 
elements  lie  at  the  extreme  inner  edge  of  the  wood,  remote 
from  the  phloem.  Thus  the  whole  development  of  the  xylem, 
starting  from  the  spiral  tracheae,  and  advancing  towards  the 
phloem,  proceeds  in  centrifugal  order.  In  the  foliar  bundles 
of  Cycads,  on  the  other  hand,  the  spiral  elements  are  placed 
in  the  interior  of  the  strand  of  xylem,  but  nearer  the  outer 

'  Mettenius,  Bcitrage  zar  Anatoinie  der  Cycadeen;    Abhandl.  d.   K.  Siich  . 
Gesellsch.  d.  W'iss.,  Bd,  vii,  p.  567,  i860, 

[Annals  of  Botany,  Vol.  XI.  No.  XLIII.  September,  1S07.] 
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than  the  inner  surface.  Here,  then,  the  development  goes  on 
in  two  directions ;  a  part  of  the  wood  is  centrifugal,  i.e.  de- 
veloped outwards  towards  the  phloem,  but  the  greater  portion 
is  centripetal,  i,c.  developed  inwards,  in  the  direction  away 
from  the  phloem.  This  type  of  bundle  may  conveniently 
be  called  mesarck,  a  term  suggested  by  Count  Solms-Laubach ', 
implying  that  the  starting-point  of  the  wood,  the  protoxylem, 
lies  in  the  interior  of  the  xyJem-strand.  The  structure  was 
thoroughly  investigated  by  Mettenius,  to  whose  observations 
little  has  been  added  by  subsequent  authors'^. 

The  relative  development  of  the  two  parts  of  the  wood 
varies  considerably;  in  the  finer  veins  of  the  foliage-] eaves 
the  centrifugal  part  may  die  out  altogether,  while  in  many 
sporophylls  it  greatly  exceeds  in  bulk  the  centripetal  portion, 
which  may  even  be  entirely  absent. 

Among  recent  plants  typical  mesarch  bundles  have,  until 
the  present  time,  only  been  found  in  the  leaves  of  Cycadaceac'. 

In  the  stem  of  these  plants  only  normal  collateral  bundles 
have  so  far  been  found.  Mettenius  has  shown  in  detail  how 
the  transition  from  the  one  type  of  structure  to  the  other 
takes  place  gradually  in  the  base  of  the  leaf*. 

Among  fossil  plants  mesarch  structure  was  much  more 
widely  spread.  Not  only  did  it  occur  in  families  belonging 
to  the  Cycadean  stock,  as  in  Bennettiteae  and  Medulloseae, 
but  it  was  general  in  the  leaves  of  the  Cordaiteae,  a  fourth 
order  of  Gymnosperms, only  known  from  the  Primary  Rock8^ 

The  Cordaiteae,  like  the  recent  Cycadaccae,  had  normal 
bundles  in  their  stems,  but  it  is  a  remarkable  fact  that  in 
certain  other  Palaeozoic  plants  the  vascular  bundles  of  the 

'  Fostil  Botaay,  English  Edition,  p.  357. 

'  See  the  well.linowD  figures  of  tbis  type  of  Tascular  bundle  in  Dc  Bary's 
Comparative  Anatomy  of  Phaaerogama  and  Ferns,  Kigs,  15S  and  159. 

'  Mr.  W.  C.  Wotsdell  has  qnile  recently  shown  that  the  bundles  of  the  colyle. 
dons  and  other  leave*  of  Ginkgo  biloba,  and  of  Ci/haletasus,  are  mesarch,  and 
finda  reason  to  belieTc  that  in  Conifers  generally  the  '  transfusion-tissue '  of  the 
leaf  ii,  in  part  at  least,  homologous  with  centripetal  xylem.  See  his  preliminary 
paper  '  On  the  Origin  of  Transfusion-titsue,'  Journal  of  the  Linnean  Society,  1897. 

*  1-  =■  P-  S77- 

'  Kcnault,  Tiges  dc  la  Flore  (.aiLonifvre,  p.  ;yj,  1S79,  PLile  XVI. 
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stem  had  a  typically  mesarch  structure.  This  was  notably 
the  case  in  Lyginodendron  Oldhamium^  where  the  very  perfect 
preservation  enabled  us  to  examine  the  anatomy  in  grc^t 
detail,  and  to  prove  that  the  bundles  of  the  stem  are  precisely 
similar  in  organization  to  those  of  Cycadean  leaves  ^  The 
same  was  the  case  in  Poroxylon^  as  shown  by  the  investi- 
gations of  MM.  Bertrand  and  Renault*. 

Heterangium  agrees  with  Lyginodendron  so  far  as  the  leaf- 
trace-bundles  are  concerned  ^ ;  and  the  Calamopitys  Saturni  of 
Unger,  according  to  the  recent  investigations  of  Count  Solms- 
Laubach,  conforms  to  the  same  rule*. 

The  frequency  of  mesarch  structure  in  the  stems  of  Palaeo- 
zoic plants  showing  unmistakable  affinities  with  Cycada- 
ceac,  renders  it  highly  probable  that  this  character  formerly 
extended  to  the  stem,  as  well  as  the  leaf,  of  the  Cycadaceae 
themselves.  This  consideration  suggested  a  renewed  investi- 
gation of  the  anatomy  of  recent  Cycads,  in  order  to  ascertain 
whether  some  vestiges  of  mesarch  structure  might  not  still 
survive  in  the  bundles  of  the  stem.  The  inquiry  thus  under- 
taken at  once  led  to  the  observation  that  in  the  peduncle 
of  both  the  male  and  female  cone  of  Stangeria  paradoxa^ 
T.  Moore,  centripetal  xylem  is  present,  so  that  the  structure 
of  the  vascular  bundles  in  these  axial  organs  is  of  the  mesarch 
type*.  This  discovery  has  since  been  extended  to  the  peduncles 
of  certain  other  Cycads,  namely  Bowenia  spectabilis,  Hook., 
Zamia  Loddigesii,  Miq.,  and  Ceratozamia  mexicana^^  Brongn. 

'  WilliamsoD  and  Scott,  Further  observations  in  the  organization  of  the  Fossil 
Plants  of  the  Coal  Measures,  Part  III,  Lyginodendron  and  Heterangium  \  Phil. 
Trans.,  Vol.  i86.  B,  1895,  p.  713,  Plates  XXI  and  XXII. 

■  Recherches  sur  les  Poroxylons :  Archives  Bot.  du  Nord  de  la  France,  3me 
Ann^e,  1886,  p.  38  a. 

'  Williamson  and  Scott,  loc.  cit.  p.  7^9. 

*  Solms-Laubach,  Pflanzenrcste  des  Unterculm  von  Saalfcid :  Abhandl.  d.  K. 
Prenss.  Geol.  Landesanstalt ;  neue  Folgc,  Heft  23,  p.  65,  Plate  IV,  1896.  The 
Calamopitys  of  Unger,  which  evidently  belonged  to  the  Lyginodendreae,  must  not 
be  confused  with  the  Calamarian  stem  described  by  Williamson  under  the  same 
name :   Mem.  Lit.  and  Phil.  Soc.  of  Manchester,  ser.  3,  Vol.  iv,  1869. 

*  Sec  Williamson  and  Scott,  loc  cit.  p.  768. 

*  In  these  three  cases  the  centripetal  xylem  was  fint  detected  by  my  assistant, 
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It  is  in  the  male  peduncle  of  Statigtria  that  the  centripetal 
wood  reaches  its  greatest  development,  and  this  case  will 
therefore  be  first  described. 


Stanueria  paradoxa,  T.  Moore. 

General  Sti  ttcture.  The  principal  vascular  bundles  of  the 
peduncle,  varying  from  \1  to  i8  in  number,  are  ranfjed  in 
a  single  ring,  which  is  fairly  regular  in  the  upper  and  middle 
part  of  the  organ,  but  becomes  much  distorted  towards  its 
base,  where  the  orientation  of  the  bundles  also  becomes 
irregular  {cf.  Figs,  i  and  2).  Lower  down  still,  where  the 
peduncle  is  about  to  pass  over  into  the  main  stem,  of  which 
it  forms  the  direct  prolongation',  the  vascular  ring  once  more 
becomes  perfectly  regular,  but  with  a  much  smaller  diameter, 
and  a  reduced  number  of  bundles.  Some  peculiarities  in  the 
course  of  the  vascular  strands  will  be  further  considered  below. 

The  structure  of  a  normal  main  bundle  is  as  follows.  The 
centrifugal  wood  in  the  mature  peduncle  reaches  a  radial 
thickness  of  about  12  elements;  the  scalariform  trachcides 
arc  closely  packed,  though  the  mass  is  broken  up  here  and 
there  by  bands  of  parenchyma,  which  do  not  always  form 
continuous  medullary  rays.  On  the  inner  side  of  each  bundle 
there  are  two  or  more  groups  of  spiral  or  annular  tracheidcs, 
constituting  the  protoxylem.  These  elements  soon  become 
crushed  by  the  growth  oi  the  turgescent  parenchyma  around 
them  (see  Figs.  3  and  4,  px).  The  elements  of  the  centrifugal 
wood  do  not  show  such  regular  seriation  as  in  some  other 
Cycads,  though  their  number  is  certainly  added  to,  for 
a  Ipng  time,  by  the  activity  of  the  cambium. 

The  phloem  is  extremely  well  developed,  and  usually 
exceeds  the  xylem  in  bulk.  Many  of  the  individual  sieve- 
tubes  are  lai|;er  than  the  tracheides,  especially  in  radial 

M[.  W.   C.   Woiflell,  who  prepared   numeroas  teclions  of  peduncles,  at   my 

'  Solnu-Laubach,  I>ic  S].rossfulgc  dct  SLiuigiTin  mid  dti  utiiifen  Cje.idcen: 
But.  Zcit.  1S90. 
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diameter  (•see  Fi^js.  ^,  4.  ',,  and  7).  The  com{>ourii  sievc- 
plate^,  chiefly  on  their  radi.1l  walls,  come  out  very  clearly 
under  appropriate  treatment. 

The  small  albuminous  cells,  which  in  Gymnos|>ernis  repre- 
sent functionally  the  coni|>anion-cells  of  the  hi^^hcr  plants', 
are  very  conspicuous,  often  forminj;  rt);ular  tangential  t>ands. 
On  the  outer  side  of  the  bundle  is  a  band  of  crushed  tissue, 
consisting  of  the  oblitcnited  elements  of  the  first  formed  bast, 
or  protophloem.  Heyond  this  there  is  a  small-celled  paren- 
chymatouN  tissue,  which  is  no  doubt  to  bo  regarded  as 
|)ericycle.  This  tissue  retains  the  |>ower  of  cell*di vision  fur 
a  lon^  time,  and  occasionally  ^ives  rise  to  anomalous  forma- 
tions  in  connexion  with  the  older  bundles. 

( )n  the  inner  side  of  each  bumlle  is  a  considerable  mass  of 
small,  rather  thin-walled  cells,  w  ith  conspicuous  nuclei,  forming 
a  gri»up  easily  distinguishable  from  the  Lirge-celled  tissue 
nl  the  pith  i  I'igs.  4 and  '^r).  This  group  is  similar  in  structure 
to  the  |K:ricycle.  with  which  it  is  in  fact  connected,  round  the 
sides  of  the  bumilc.  It  tin  doubt  comes  uni!er  the  category 
of  M.  I**li»t*s  internal  |>ericycle,  or  */one  iH-rimedullaire/  the 
present  case  being  one  of  those  in  which  this  zone  is  only 
different iatcnl  in  c<>nnexi>>n  with  each  se|>arate  bundle'.  It 
i>  in  this  tisjiue  that  the  ccntri|>etal  x>lem  is  de\'clo|)ed. 

iintfifrtal  U't^i.  I'hc  longitudinal  distribution  of  the 
trntri{M-tal  xylem  is  as  tnllnws.  it  is  absent  fmm  the  actual 
ba^i-  ot  the  pediirKle.  but  Ugins  to  appear  a  little  higher  up, 
tn  the  region  where  the  irngulanty  uf  the  vastular  ring  is 
nt<ist  marked  (.see  I'i^.  i  t*).  AUive  this  |>«>int  it  rapidly 
ifurcaM-s  in  amount,  and  then  maintains  atM>ut  the  s.ime 
i!t  ^;rec  of  drMJojiinent  throughout  the  greater  jart  tif  the 
IKduncic.  in  tlu-  ir^Mon  uherr  the  arran^rnunt  and  orienlatum 
tl  the  t#uni!!c*s  \s  in^rtnal.  m  (he  axis  of  (he  c*>ne  itsi'lf  the 
centrijictal    xvhm  a^:ain  dinunt>h(*s  in  amount,  dtviip|iearing 

"■•ft*' ■..•i-»f,  I!  r    :    ,  ;i   'f  l4itti,-<-     lit    J  I     it|    lij 

*'i«J      :      If       ir      €i«i.'  i^..*    ■«  fiiiti  •lui'.Aifi         \'.ii    •*•  •   Si*  ■     \  »l       r«i» 
•    ;     I     •  "*    I     I    7     I  "•#         I     I  li'i,"    li'i     H  "i. -n*  It  .•cMi.    '.f  ■  ral  i*    !     %utilit    *i 
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altogttber  towards  the  apex.  Fig.  t  fives  a  fair  idea  of  t! 
extent  of  its  deii-elopfDcnt  in  the  middle  part  of  the  peduncle 
In  this  region  almost  e^'ery  bundle  sbow'n  in  any  tranA'ersc 
section  possesses  it,  and  often  in  conaderable  amount :  at 
least  two  dozen  elements  of  centripetal  xj-Iem  often  occur 
in  connexion  with  a  aii^le  bundle  (sec  F^&  3  and  A,x^\ 
Pr(^»bly  every  vascular  bundle  in  the  peduncle  has  centri- 
petal xylem  in  some  part  of  its  course. 

The  nature  of  these  iotemal  lignified  elements  is  shown 
in  longitodioal  aectioos,  which  prove  that  they  are,  as  a  rule, 
scalariform  tracheides,  like  those  n-hich  form  the  greater  part 
of  the  centrifugal  wood  (see  Figs,  5  and  "».  The  centripetal 
trachetdcs  are,  on  the  whole,  shorter  than  the  centrifugal. 

The  position  of  the  centripetal  xjlem  is  such  that  its 
elements  are  alwa>'8  placed  within  the  cireummeduUaiy  zone  ; 
in  some  cases  they  L'e  at  its  inner  margin,  separated  by 
a  considerable  interval  from  the  spiral  tracheides  (Fig.  5) ;  in 
other  cases  they  are  situated  further  to  the  exterior,  and 
arc  sometimes  almost  in  contact  with  the  protox>-!cm  (sec 
Figs.  3  and  7). 

The  extent  of  the  centripetal  xylem  and  the  arrangement 
of  its  elements  in  the  peduncle  of  Stangeria  is  precisely  com- 
parable to  that  found  in  certain  foliar  organs  of  Cycadaceae, 
as,  for  example,  in  the  stalk  of  the  carpel  of  Cycas  revoluta 
and  other  species  of  Cj-iraj  and  oi  Enccphalartos.  The  com- 
parison of  the  structures,  as  shown,  for  example,  in  Fig.  3, 
from. the  peduncle  of  Stangeria,  and  Fig.  6,  from  the  carpel 
q{  Cycas,  can  leave  no  doubt  that  the  interna)  tracheides  in 
the  former  are  really  homolc^ous  with  the  well-known  centri- 
petal xylem  of  the  foliar  bundles  of  Cycadaceae. 

The  centripetal  elements  which  approach  the  protoxylem 
are,  on  the  whole,  smaller  than  those  remote  from  it,  just  as 
in  the  case  of  the  centrifugal  wood  (Fig.  4).  The  protoxylem- 
elements  of  the  peduncle  are  usually  in  contact  with  the 
centrifugal  part  of  the  wood,  whereas  in  the  foliar  organs 
of  Cycads  the  reverse  is  more  commonly  the  case.  There 
arc,  however,  so  many  exceptions  to  the  latter  rule,  especially 
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in  the  vascular  bundlcii  of  the  s|)()n>phylls,  that  ni>  iiniHirtancc 
can  be  attached  to  this  ditTerencc  *. 

Ccntri|)etal  xylcm  was  found  in  all  the  male  peduncles 
examined — five  in  numlKT— which  approached  maturity.  It 
is,  however.  develo|>ed  late,  as  was  proved  by  the  com|)arir»on 
of  a  series  of  transverse  sections,  extending;  from  base  to  top 
of  a  youn^  |)eduncle,  with  corresponding;  series  from  more 
advanced  siK-cimens.  The  centrifu|;al  wood  of  the  younj; 
peduncle  had  attained  a  thickness  of  three  or  four  elements, 
but  in  no  part  was  any  centri|K-tal  wimxI  as  yet  diflerentiated. 
In  another  {xxluncle,  with  centrifu{;al  wood  five  or  six 
elements  thick,  the  centri{)etal  elements  were  already  fairly 
numerous;  they  only  attain  their  full  number,  however,  in 
nearly  mature  peduncles,  when  the  centrifugal  xylem  htis 
from  seven  to  twelve  tracheides  in  each  radial  series.  This 
Lite  development  of  the  centripetal  wcxxl  accounts  for  the 
shortness  of  its  tracheides,  for  at  the  time  when  they  deve|f*p 
the  tissue  is  too  mature  to  all(»w  of  any  great  digrec  of 
sliding  growth.  For  the  same  reaiMm,  spiral  elements  are 
rare,  on  the  centri{x:tal  side,  for  as  growth  in  length  is  usually 
over  uhen  thene  tracheides  are  difiTeirntiatetl.  no  provision 
l«»r  extensibility  is  ncetled.  In  f>nc  c.w,  hinve\er,  a  very 
character istii  spiral  trachciiie.  uith  a  fairly  close  coil,  lay 
belueen  tlir  <!is4>i^%ini/rt|  proto\y!eni  and  the  scalariform 
elements  of  ilu-  crntrf|KtaI  wt><Kl  tl'i^;.  7  \\  Here  then  there 
was  a  L;r.iitii.d  ti.insiti«in  fr<>m  the  primitive  t>>  the  definitive 
ti.icluides,  in  buth  direct i* ins.  but  .is  a  rule  the  centri|M.*tal 
\\lem  develops  t«x»  Lite  for  siuh  a  trankitiMn  to  be  tr.ued. 

The  more  intern.il  tr.uheidcs  of  the  ccntri]>etal  \»i**h1  .ire 
s  tnetinus  mrt  with  while  still  in  course  nt  dexelopment.  .is  \% 
b«  st  Mh<'\\n  in  r.ulial  si-ctiotiN. 

This    lM-I.it«-il    .i]*{K  .ir.iMt  r   ff   tlu    c<-ntii|H*taI  wimkI    in   the 

It  !*,i  J  r  :  tr  ii!  /  .-•.  f»:.i  '  .  j  ,.i  ||  •  .  s  !  •■  -  .  Ti  »■  •  I  tSr  |<'..  'i 
a».  .  I  I  ,  '  t.'c  J  f-  t  » •  "c :..  ir.  .  ■  ;  r  •  t  WiV  f«  t.'j  J-Af  i  -•!  t  t  »■-•?€•,■..«;%;  iKc 
ktM.r      I*     •^'      I  itr     ::.     t^       |.rf.ir    i.(     I    .•.:.'    ^  -.|J    m     II   JWJ      Ar    t     ••;     ,1/j.  r^.^avt^ 

.'.mi.'mii.  }  \!uf!.  «■  1/  .:.-.••..'.•,  •«  »c''  «t  in  t'«  ;c|i  ^  ■■!  ^'^w^r'i.i 
|i  ti.f  f««  '...■!  I.-.  M  ^ft..  .  I  II  !  f*  *  *|  *"t  d'  flM-lil*  ft*  n  '.*C  ii  I  «A«  |«|«.i  r 
th.    t«      t«Uii.i       <   '    ^lr'.lrtllu•.  '.-^       it    I     j^r. 
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peduncle,  is  the  only  point  of  any  importance  in  which  it 
difiers  from  the  corresponding  tissue  in  the  leaf.  This,  how- 
ever, proves  nothing  against  the  homology  between  the  two. 
In  the  peduncle  of  Cycads  the  centripetal  part  of  the  wood  is 
a  vestigial  structure,  and  it  is  well  known  that  vestigial  organs, 
when  recognizable  in  the  adult,  are  usually  late  in  completing 
their  development. 

Even  in  the  foliar  organs,  the  relative  periods  of  develop- 
ment of  the  two  parts  of  the  wood  is  extremely  variable,  as 
is  indicated  by  their  variable  relations  to  the  protoxylem- 
elcments.  In  the  sporophj-lls  of  many  Cycads  the  centripetal 
portion  of  the  wood  is  excessively  reduced  and  may  even  be 
altogether  absent.  In  such  cases  the  spiral  elements  are 
always  in  immediate  connexion  with  the  centrifugal  wood 
{see  Figs.  12  and  13).  In  the  carpel  of  Ceratozamia  the  centri- 
petal wood  is  developed  late  compared  with  the  centrifugal 
portion,  and  no  doubt  this  is  often  the  case,  where  the  former 
tissue  is  reduced. 

The  peduncle  and  axis  of  the  female  cone  of  Slavgeria, 
like  those  of  the  male,  show  centripetal  xylem  in  connexion 
with  some  of  the  bundles.  In  the  specimens  available,  how- 
ever, it  was  much  less  developed  than  in  the  male  cone. 
Here  also  the  elements  in  question  are  shown,  by  longitudinal 
sections,  to  be  scaiariform  tracheides. 

As  a  rule,  the  centripetal  wood,  whether  in  the  male  or 
female  peduncle,  is  limited  to  the  principal  bundles  of  the 
stele.  No  clear  case  of  the  presence  of  this  tissue  in  a  leaf- 
trace  passing  out  to  a  functional  sporophyll  has  been  observed, 
nor  is  this  surprising,  considering  the  excessively  slight 
development  of  centripetal  xylem  in  the  bundles  of  the 
sporophylls  themselves.  In  some  cases  certain  small  bundles, 
passing  through  the  cortex,  were  found  to  have  a  few  centri- 
petal xylem -elements ;  but  such  bundles  appear  to  be  either 
purely  cauline,  or  to  be  destined  for  the  bracts  or  sterile 
sporophylls  which  occur  at  the  base  of  the  actual  cone.  In 
these  the  centripetal  xylem  is  somewhat  better  developed 
than  in  the  fertile  sporophylls. 
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Wiscfilnr  S)stirm.  Ilcforc  leaving  StnM/^nin  certain  other 
|>cculiaritics  of  the  vaiKTular  system  in  the  |>c(luncle  must  be 
considcrcil. 

Throiijjhout  the  whole  length  of  the  urjjan  the  main 
hundlcN  fuse  ami  separate  a|;ain  rei>eateill>%  forming;  collect- 
ively a  holl<»\v  network,  with  long  meshes,  as  described  by 
Count  Solms-Laubach  ^  The  number  of  the  strands,  as  seen 
in  transverse  8ccti<»n,  thus  remains  approximately  constant, 
except  at  the  base  of  the  i>eduncle  and  the  apex  of  the  C(»nc, 
where  it  diminishes  greatly.  In  the  lower  part  of  the  |>eduncle, 
where  the  ring  of  bundles  becomes  flattened  and  contracted, 
ever)'  kind  of  irregularity  in  their  arrangement  and  ortenUition 
may  Ik:  < )l>ser\e<I  ( sec  Fig.  2 ) *. 

Often  the  xylem  forms  a  ht>rsc'shoe,  oi)ening  inwanls,  with 
the  phl«>em  in  its  convex  side  (see  Fig.  2,  strand  4).  In  other 
cases  two  bundles  lie  close  tt»gether  with  their  phloem*masaes 
in  ccmtact  (Fig.  2.  strands  1,  1).  Comparison  of  successive 
transverse  sections  .shows  that  the  former  arrangement  is  due 
to  the  fusion  of  two  bundles  from  above  downwards,  while  the 
latter  case  indicates  that  two  bundles  arc  alnnit  to  fuse  from 
beKtw  upwards.  Occasionally  the  horse  shoe  form  becomes 
exa^tgerated,  so  that  the  xylem  api^ears  as  a  ring,  nearly  or 
(]uite  surrounded  by  phloem.  In  fact  a  concentric  structure 
may  )>e  aci)uir('d  for  the  moment,  but  this  |N*culiarity  is  quite 
liK.d,  .ind  dt-ptndent  simply  i»n  the  fusion  of  the  liurulles ;  nt> 
m4»rph<»l<%;i^  al  im;Hirtancc  can,  I  think.  Ik*  attaihrd  t«)  it. 

At  a  still  liiwcr  ]r\el  in  the  |»e<luncle  all  the  irregularities 
again  dts,ip|KMr ,  the  bundles,  reduci-d  in  numlK-r.  (»nce  more 
lorm  a  pcrlrcily  rc^^'ular  ring  of  small  si/e,  uith  typically 
ii'll.itcral  str'.^ct.irr  aiul  rv>rtn.il  orientation.  'I  lie  al>niirin.dttii  s 
of  thr  transit MUal  rc^^i^n  are  prulubly  due  tt>  mechaniial 
I  lu^c  *».  thr  t.-'^iifN  (!rvt-!«>pin^;  uinler  pressure  fr»m  the  leal- 
Imm  ^   Iw-twii  II  wlith  this  p.irt  *•!  ihc  jMilnru'Ic*  i^*  urd^;c*I  in 

(  )r.  tl.i-  «  ttu  r  li.ir.d  th<-  siu.il!  (irtKal  straiuls  which  tKciir 
111   tlu    pttiiifilr.  i-%|K**  i.iily  in    it**   l"uer   |urt.   pre^unt    siimc 

•*    •    »   ■    ",T     f  I  ^•*- ,€  H4.  I      ji« 
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features  of  interest.  They  resemble  tlie  sporophyll-traces  in 
the  fact  that  each  strand,  after  branching  off  from  the  main 
ring:,  often  divides  into  two  branches  which  reunite  higher 
up'.  In  many  cases  these  cortical  bundles  are  altogether 
cauline,  not  passing  out  into  any  kind  of  appendage.  Their 
course  has  been  carefully  followed  in  series  of  successive 
sections,  from  several  peduncles,  and  it  has  been  proved  that 
they  sometimes  end  blindly  in  the  cortical  parenchyma,  and 
sometimes  turn  inwards  again,  to  reunite  with  the  main 
vascular  bundles  of  the  stele.  Probably  all  the  cortical 
strands,  which  occur  in  the  lower  part  of  the  peduncle,  are  of 
this  cauline  nature.  They  possibly  represent  the  vestiges  of 
a  former  leaf-trace  system,  which,  now  that  the  greater  part 
of  the  peduncle  is  naked,  no  longer  has  any  leaves  to  supply. 

Concentric  Bundles.  In  some  cases  the  cortical  strands 
show  a  typically  concentric  structure,  which  they  retain  for 
a  considerable  distance.  The  longitudinal  course  of  these 
concentric  bundles  has  been  followed  in  several  instances,  and 
one  of  them  was  traced  through  the  greater  part  of  the  length 
of  a  peduncle.  Low  down,  in  the  region  of  irregular 
orientation,  a  horse-shoe  bundle  was  seen  leaving  the  main 
ring.  As  it  ascended,  the  curvature  increased,  until  the 
structure  became  truly  concentric,  with  xylem  inside  and 
phloem  outside.  The  bundle  remained  concentric,  but 
diminished  in  size,  until,  in  the  upper,  regular,  part  of  the 
peduncle,  it  turned  in  again,  coming  into  contact  with  one  of 
the  main  bundles,  where  it  once  more  increased  in  bulk,  but 
retained  perfectly  concentric  structure. 

The  transverse  sections  of  two  such  bundles  (from  different 
specimens)  are  shown  in  Figs,  ti  and  9,  from  which  their  strictly 
concentric  structure,  with  central  protoxylem,  is  evident. 
The  parenchyma  in  the  centre  of  the  strand  is  no  doubt 
homolc^ous  with  the  circummedullary  tissue  accompanying 
the  normal  bundles. 

These   concentric  cortical   strands  are  of  very   inconstant 

'  Cf,  Soims-Lnubach,  I.e.  p.  313. 
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(KTCUircncc.  some  {Kxlunclcs  not  showing  them  at  all.  So  far 
as  I  have  <»liscr\'cd  ihcy  never  split  into  two,  as  is  ^>  often  the 
ca.sc  with  the  collateral  bun^lles  in  the  C(»rtex.  PosMbly  their 
c>>ncentricity  is  due  to  this  fact,  the  ctmcentric  straml  thus 
ri-}Me.sentin^  a  double  bundle,  just  as  occurs  sometimes  in  the 
main  ring.  As  we  have  already  seen,  a  bundle  which  is 
collateral  below  may  t>ecome  concentric  hi(;her  up  ;  sometimes 
tlie  change  is  in  the  reverse  direction. 

In  any  case  these  cortical  strands  are  of  considerable 
interest,  for  they  constitute,  so  far  as  I  am  aware,  the  only 
instance  hitherto  described  (»f  Cycadean  bundles  with 
.1  primarily  concentric  structure,  retaineil  for  a  considerable 
distance.  They  have  liecn  o!i>er\*cd  in  ijuite  younjj  |K*duncles, 
so  there  c.in  l>e  no  doubt  that  the  concentric  structure  exists 
ulnle  the  tisHues  arc  still  in  their  primary  condition'. 

The  seoiiidary  concentric  strands.  s«>  well  known  in  the 
cortex  of  (  i<«iv,  clearly  In-loni^  to  a  different  cate^jory. 

The  evidence  for  the  ori'-in  of  Cvcads  from  Ferns  is  now 
i*vcrwhtlmin^j.  Professor  Ikeno's  <lis4.overy  of  the  multiciliate 
speimato/oids  of  fVriii  Completing  the  proof  in  the  most 
stfikin;^  manner*.  Hence  one  is  t(*tnpted  to  liMik  on  con- 
cent nc  vaMul.ir  lunidles  in  a  (\xa<l  as  a  relic  of  ancestral 
sttucture.  Suih  an  mference  must  t>e  received  v^ith  caution, 
liut  I  LMve  the  f.Kts  for  what  thcv  are  \%()rth. 

i  Ulitt  Aft*  iK.iliti  <  >ne  or  tuo  4H'iasii>nal  anomalies  remain 
to  be  iii.turil.  In  rare  caM^s  a  lanttiium  arises  in  connexii>n 
uiih  a  ^(otjp  4if  tlir  lentiipetal  xylrm,  ami  a  little  secondary 
phloem  is  then  f  nml  on  the  side  touarti  the  piih  I  attach 
little  or  no  iinp>:t.in(e  to  suih  i^ilated  abnormalities  of 
dr. «  I'ipinent  but  it  ni.iy  Ik*  Ui>rth  uhile  to  )»  itit  out  th.it 
•iiMil.ir  .in'  II.  1!  iiiN  iiirni.it ions  on  a  much  lar*^er  scale,  an* 
iffj  lent  III  \\\  ■  !»%^d  /  1^'"'    unifrn  \  V.//'.i*»/;ww/.  ami  are  c\r\\ 

\! :     \V     •».  ■   » .  -  •  1     '  '•.         11-     n  ■  f -      I  •'•    ''ri    I  .  <   li  1  !», 
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more  marked  in  the  form  which  Mr.  Seward  has  named 
Lyginodendron  robustum  ^, 

As  already  mentioned  the  cells  of  the  pericycle  outside  the 
bundle  often  become  merismatic,  dividing  tangcntially  so  as 
to  produce  a  certain  amount  of  new  tissue,  which  usually 
remains  parenchymatous,  but  which,  in  very  rare  cases,  may 
give  rise  to  a  rudimentary  vascular  strand. 

The  chief  point,  however,  which  has  been  brought  out  by 
the  anatomical  investigation  of  the  peduncle  of  Sluugfria 
is  the  presence  of  centripetal  xylem  which,  in  the  case  of  the 
male  cone,  may  attain  a  development  equal  to  that  in  such 
foliar  organs  as  the  carpels  of  Cycas,  and  greatly  exceeding 
that  in  most  other  Cycadean  sporophylls.  The  general 
be.irings  of  this  result  will  be  discussed  after  some  other 
cases  have  been  considered. 

BoWENrA   SPECTABILIS,   Hook. 

In  the  peduncles  of  both  male  and  female  cones  of  Bowenia, 
centripetal  xylem  occurs,  but  only  to  a  very  small  extent. 
There  is  a  great  difference  in  the  size  of  the  peduncles,  that 
of  the  female  cone  being  much  the  thicker,  with  larger  and 
more  numerous  vascular  bundles  than  those  in  the  male 
peduncle:  otherwise  the  structure  is  identical. 

There  is  nothing  peculiar  in  the  centrifugal  xylem  or  the 
phloem;  here,  as  in  Stangeria,  the  phloem  is  decidedly  the 
more  developed  of  the  two  tissues.  Centripetal  wood  was 
only  observed  in  a  few  of  the  bundles,  and  not  more  than 
four  such  elements  were  found  in  connexion  with  any  one 
strand.  They  are  separated  from  the  protoxylcni  by  from 
one  to  three  layers  of  cells.  Longitudinal  sections  show  that 
here,  also,  the  elements  of  the  centripetal  wood  are  scalariform 
tracheides.  The  tissue  is  present  in  such  small  quantity,  that, 
but  for  the  analogy  of  Stangeria,  it  might  easily  be  over- 
ate xxlil.Kie.S;  &w.lr.t. 
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looked.  There  is  no  doubt,  however,  as  to  its  homologies, 
but  in  liinvenia  the  centripetal  xylcm  of  the  peduncle  is 
evidently  in  the  last  stage  of  reduction. 


ZANfIA  Loi)DI(;esii,  Miq, 

The  peduncle  of  a  female  cone  of  this  species  was  examined, 
a  nd,  next  to  Siangeria^  afforded  the  best  example  observed 
of  centripetal  wood.  Towards  the  base  of  the  peduncle  most 
of  the  vascular  bundles  possess  this  tissue,  and  in  some  it  b 
ver>'  well  de\*eloj>ed  (see  Fig.  10,  jr').  The  centrifugal  wood 
and  phloem  show  a  very  regular  radial  seriation ;  there  are 
usually  several  groups  of  spiral  tracheides  to  each  bundle. 
The  elements  of  the  centripetal  xylem  are.  as  a  rule,  found 
at  a  little  distance  from  the  protoxylem,  towards  the  inner 
margin  of  the  small-celled  circummeduliary  zone.  The 
elements  of  the  centripetal  wood,  like  those  which  form 
the  bulk  of  its  centrifugal  portion,  are  scalariform  tracheides 
(sec  Fig.  11).  They  have  a  rather  wavy  course,  and  are  often 
quite  short,  with  truncated  ends,  especially  on  the  side  remote 
from  the  protoxylem.  Ii4ith  these  |)eculiarities  are  no  di>ubt 
due  to  late  development,  taking  place  at  a  stage  when  the 
tissues  are  t(H>  mature  to  allow  of  the  unrestricted  growth  in 
length  of  the  newly  diflercntiatctl  tracheides. 

OccaNionaily  a  little  centri{>etal  xylrni  (Hfcurs  in  connexion 
with  the  !»m.ill  leaf  trace  bundlc<»  |asMng  through  the  cortex. 

In  a  male  |>cdunLle  4 it'  the  >ame  «>|K'cirs  no  ientri|>etal  wimhI 
could  l>e  detected. 

C  I  h.Mf/VMIA   .Mk\I<  ana,  liromj^H. 

In  thf*  iiciluncir  oi  the  male  cone  of  this  <»|)ectes  fairly 
weli-ni.irkrd  i  rntri}i<-tal  xylrtii  Munctime^  «<iurs  m  connexion 
with  the  |irinii}».il  \aNiular  luinilleN.  It  Has  found  Ixnt 
drve!t'|K*d  111  the  .i\ih  i.f  the  Cfuc  itself,  but  it  also  occurs 
thriiu^h<*iit  th^-  \%hi  K  lrn^*tli  ot  thr  |iedunile  down  to  itn 
ba\e        AU'Ut    half   a  d<t/t  n   vi-titri|Ktal    tracheides  may   be 

>  i 
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present  in  connexion  with  a  single  bundle,  but  their  occurrence 
is  very  inconstant. 

The  course  of  the  bundles  was  traced  in  peduncles  which 
remained  attached  to  a  very  old  stem  of  this  species, 
embedded  among  the  leaf-traces.  They  had  lost  tlieir  coaes 
some  time  before,  but  were  probably  of  no  great  age.  as  they 
occurred  near  the  apex,  and  their  structure  was  still  intact. 
The  general  vascular  arrangement  in  the  lower  part  of  the 
peduncle  is  essentially  the  same  as  in  Stangeria.  Quite  at 
the  base  there  is  a  small  ring  (about  j?  x  4  mm.  in  diameter) 
of  perfectly  normal  bundles;  a  little  higher  up  the  ring 
enlarges,  and  becomes  more  elliptical,  measuring  about 
10x5  mm.  The  bundles  at  the  narrow  tnds  of  the  ellipse 
are  crowded  and  irregularly  orientated — obviously  as  the 
result  of  development  under  pressure  from  the  leaf-bases  *. 
A  more  remarkable  anomaly  is  the  presence  of  inverted 
cortical  bundles  immediately  outside  those  of  the  normal 
ring.  Some  of  these  bundles,  where  they  pass  further  out 
into  the  cortex,  show  some  approximation  to  a  concentric 
structure. 

Further  up  still,  the  ring  of  bundles  again  becomes  regular, 
but  as  the  cone  is  approached,  new  peculiarities  make  their 
appearance.  The  principal  bundles  are  no  longer  equidistant 
from  the  centre  but  form  an  irregular  double  ring,  with 
variable  orientation  of  the  individual  strands.  Small  bundles 
tnter  the  pith ;  when  traced  up  into  the  axis  of  the  cone  they 
are  found  to  pass  out,  usually  fusing,  as  they  do  so,  with  the 
principal  strands.  The  same  arrangement  waa  shown  in 
a  male  cone  of  C.  laiifolia,  Miq ,  but  it  does  not  appear  to 
be  constant  throughout  the  genus.  In  C.  laiifolia  also,  slight 
traces  of  centripetal  xylem  were  observed 

The  peduncles  of  a  number  of  other  Cycadaceae  of  the 
genera  Cycas  ( cJ  ),  Macrozamta,  Ceratozamia,  and  Zamia  were 
examined,  without,  so  far,  finding  any  other  clear  case  of 
centripetal  xylem.     The  instances,  however,  in  which  it  has 

'  Cf.  Solins-Laubach,  I.e.  p.  m. 
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been  observed,  arc  so  widely  scattered  throughout  the  Order, 
that  other  examples  will  undoubtedly  be  added  on  further 
investigation. 


CoNrtrsioN. 

The  most  important  result  of  these  obser\'ations  has  been 
to  establish  the  fact  that  the  mesarch  type  of  vascular  bundle, 
hitherto  believed  to  be  limited  to  the  leaf  in  recent  Cyca- 
daceae,  also  occurs  in  certain  axial  organs,  namely  in  the 
peduncles  of  .S/anxtTia,  fiimrfna,  and  some  species  of  Xamia 
and  Crraforttmitt,  Count  Solms-Laubach,  as  the  result  of  his 
work  on  the  course  of  the  vascular  bundles  of  Cycads,  came 
to  the  conclusion  that  in  these  plants  the  {>eduncle  shows 
a  primitive  organi/atit^n.  as  compared  with  the  vegetative 
stem;  he  says:  *  Schr  mrrk\iurdig  aber  ist  die  Art  und 
Weise,  wie  an  eincm  und  den  scll)en  Spross  nnter  plotzlichcr 
Verjungung  des  liemmkuri^ers  der  complicirtc  vegetative 
Spurverlauf  gan/  unvcrmittrit  in  <ien  einfachcn  der  lUuthc 
ut>erspringt.  1  )ass  dicser  let /tere  rinr  Kfltifute  utaltrr  i  ^r/^aNtsa" 
tion  ',  dass  er  den  gemeinsamen  Vorfahren  der  C'ycadetn  und 
liennettiteen  allgrmrin  ei^:rn  gcuc>en  scin  wird.  i!a«»«  der 
vegetative  Spurverlauf.  wic  er  jet/l  l>ei  ersterrr  Gruppe 
vorliegt,  rinr  iin  I^iufe  <!rr  V.vxX  erwoilirnr  Ivigcn^chaft 
d.irstrllt.  die  lUn  G.in}.;  drr  Kntuickliing  in  der  Kiihtuiig  vom 
Ktnfachen  /uni  ("•»rn|  licirtrn  \\\\%  v<>r  Aiigen  fuhft.  scheint  mir 
tine  »»rhr  n.ihr  !i<gcndr  Annahme  /u  sein  * 

My  obsf fv.it inns  .n  the  ^Irmturr  of  the  vaM  ular  bumltcs 
in  the  |>rduru'Ir  vninplrtrly  confirm  C'<>unt  Solms'  lorcluMtn^, 
draun  fffrn  tht  ir  .irran^iinent.  In  the  pu  vrnce  tif  ientri|>€tal 
ui  4>4),  %■•  ur!|  ii.arkrd  in  the  indinulr  tf  .S'li^^vrM,  and 
c\ii'ir)t,  thfU^;h  \c%s  ifn^picijuii^.  m  other  ca^rs.  \ie  have  the 
ikiiiir  iharattrr.  If)  a  rrdiircc!  ti'tni,  uhuh  in  pn  ^rntrti  by 
thr  vr^rtativt  ntrni  «»!  tlir  !i"»«»il  |Lmts  /  }j^i»t\/rnifr*  h  and 
/*•  r.n/4  ft,  a>  wrW  ,i>  l»y  tJ.**  (  .f/./w.i^//;  1  .^ttfttpnt  M  I'rigcr. 

I  tit  !'•  ui  «fr  wu\     wn 

\    t    I 
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It  appears  then  that  the  Cycadean  type  of  vascular  bundles 
— one  of  the  most  ancient  of  anatomical  characters — was  not 
originally  a  mere  (wculiarity  of  the  leaf,  but  rather  represents 
the  vestige  of  a  primitive  organizatioa,  which  was  once 
common  to  the  stem  also^. 

In  recent  Cycads  the  stem  has  all  but  lost  this  character  ; 
it  survives,  so  far  as  we  know,  only  in  certain  peduncles, 
organs  which  appear  to  have  been  less  modified  than  the 
vegetative  stem. 

The  loss  of  the  centripetal  wood  was  in  all  probability 
correlated  with  the  increasing  development  and  earlier 
appearance  of  secondary  tissues.  The  earlier  the  stage 
at  which  the  formation  of  wood  by  the  cambium  set  in, 
the  more  would  the  primary  centripetal  xylem  become 
superfluous.  We  can  form  an  idea  of  the  progress  of  this 
change  by  the  comparison  of  some  of  the  fossil  forms.  In 
Heterangium  the  secondary  tissue-formation  set  in  late,  and 
was,  as  a  rule,  comparatively  small  in  amount.  In  H.  Grievii 
especially,  the  great  bulk  of  the  wood  is  primary,  and  nearly 
all  the  primary  part  is  centripetal,  occupying  the  whole 
interior  of  the  stele.  In  Lyginodeitdron  Oldliamitim  the 
central  part  of  the  wood  has  disappeared,  and  is  replaced 
by  a  lai^e  pith,  around  which  the  bundles  are  ranged.  In 
each  bundle  the  centripetal  portion  of  the  wood  is  well 
developed,  but  secondary  growth  sets  in  early,  and  the 
secondary  wood  soon  far  exceeds  the  primary  in  amount  *. 

In  Lyginodendron  robusium,  Seward,  no  primary  centri- 
petal wood  has  been  certainly  demonstrated  as  yet ;  if 
present,  it  must  have  borne  a  very  small  proportion  to  the 
secondary  tissues.  In  Cycadoxylon  the  former  tissue  seems 
to  have  all  but  disappeared,  much  as  in  recent  Cycads^. 

'  This  view  b*»  already  been  slated  ia  the  joint  paper  on  LyginedtnJren  and 
Htlerangium  by  the  late  Dr.  WilliBtosoa  and  myself.    See  p.  76S,  1.  c. 

*  For  Hitenatpttm  and  Lyginedendren  see  Williamson  and  Scott,  loc.  cit.,  and 
the  earlier  papers  by  Williunson  ibere  cited ;  also  Sewaid,  Palaeobotaoy  and 
Etolalion,  Science  Piogress,  October,  1S96. 

'  See  Seward,  A  Contribution  to  out  knowledge  of  Lyginodttuinn,  Annals  of 
Botany,  March,  1897.     The  author  contlantly  uses  the  lerm  ' centri)>elal  wood' 
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As  regards  the  development  of  the  centripetal  xylem, 
Poroxylon  is  about  on  a  level  with  Lyginodendron  Old- 
hamium;  but  in  the  former  this  tissue  dies  out  towards 
the  lower  end  of  each  leaf-trace  bundle,  about  seven  or 
eight  internodes  below  the  point  where  it  enters  the 
stem  ^  Poroxylon  seems  to  show  distinct  affinities  with 
the  Lyginodendreae  on  the  one  hand,  and  the  Cordaiteae 
on  the  other. 

Ultimately  the  stem  retained  centrifugal  wood  only,  as 
in  the  Cordaiteae,  and  in  recent  Cycads,  with  the  exceptions 
recorded  in  the  present  paper.  We  must  not  suppose  that 
the  whole  of  the  centrifugal  wood  was  secondary  in  origin. 
In  Lyginodendron  and  Heterangium^  the  primary  xylem  has 
a  well-marked  centrifugal  portion  ^  The  same  is  clearly  the 
case  in  many  foliar  bundles  of  recent  Cycads,  though  some- 
times the  limit  between  primary  and  secondary  tissue  may 
be  impossible  to  define. 

The  view  maintained  in  the  present  paper  as  to  the  evolu- 
tion of  the  vascular  bundles  in  Gymnosperms  has  much  in 
common  with  that  put  forward  by  MM.  Bertrand  and  Renault 
in  1886^.  These  authors,  however,  assumed  that  the  whole 
centrifugal  part  of  the  wood  is  secondary,  an  assumption 
which  hangs  together  with  their  attempt  to  derive  Cycads, 
Poroxylon^  and  Lyginodendroft  from  Lycopods  and  not  from 
Filicineae.  This  view  is  no  longer  tenable.  Both  recent 
Cycads  and  their  fossil  allies  (Bennettiteae,  Lyginodendreae, 
MeduUoseae)  abound  in  Fern-like  characters,  and  have  simply 
nothing   in    common   with    Lycopods.      Lyginodendron^   for 

for  the  secondary  tissue,  sometimes  developed  at  the  margin  of  the  pith  in 
Lyginodendron  and  Cycadoxylon,  This  terminology  is  of  course  quite  legitimate, 
but  it  is  important  to  avoid  confusing  this  anomalous  secondary  formation  with  the 
centripetal  xylem  which  forms  part  of  the  primary  structure  of  the  bundle.  The 
latter  is  simply  termed  '  primary  wood  *  by  Mr.  Seward.  Oil  Cycadoxyleae  see 
Renault,  Flore  fossile  d'Autun  et  d*fipinal,  Part  2,  1896. 

*  Bertrand  et  Renault,  Recherches  sur  les  Poroxylons,  Archives  Bot.  du  Nord 
de  la  France,  1886-7  •  ^^^  Remarques  sur  les  faisceaux  foliaires  des  Cycads, 
loc.  cit.  p.  33^. 

'  Williamson  and  Scott,  loc.  cit.,  pp.  713  and  749. 

'  Remarques  sur  les  faisceaux  foliaires  des  Cycadees,  loc.  cit. 
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example,  had  in  all  respects  the  foliage  of  a  Fern,  and  bo 
had  Heterangium^  ;  in  the  latter  the  structure  of  the  stem, 
apart  from  the  secondary  growth,  is  exactly  that  of  a  mono- 
stelic  fern,  while  the  supposed  resemblance  to  Lycopodium 
is  merely  fanciful.  Recent  work  has  completely  confirmed 
Williamson's  original  view  as  to  the  Fern-affinities  of  these 
fossil  genera. 

While  the  origin  of  the  Cycadean  stock — in  the  widest 
sense — from  Filicineae  is  now  well  established,  it  is  not 
possible  in  the  present  state  of  knowledge  to  determine 
more  exactly  the  line  of  descent  of  our  recent  Cycadaceae. 
Though  they  retain  many  primitive  characters,  they  form 
but  one  special  group,  of  what  was  once  an  extensive 
and  varied  class,  which  we  may  call  Cycadales.  The  best 
known  of  the  abundant  Cycadeoid  remains  which  have 
come  down  to  us  from  the  Secondary  Period,  are  those  of 
Bennettiteae,  a  group  very  distinct  from  the  living  Cyca- 
daceae. Much  additional  pal  aeon  tological  evidence  will  be 
required  before  the  geolc^ical  history  of  the  latter  family 
can  be  revealed. 

The  Cycadales  generally  may  even  be  polyphyletic,  having 
perhaps  sprung  from  the  FiJicineae  at  various  points.  The 
Lyginodendreae,  Protopityeae,  and  MeduUoseae  all  combine 
Filicinean  with  Cycadean  characters,  but  they  appear  to  join 
on  to  very  different  groups  of  Ferns.  In  the  light  of  Count 
Solms-Laubach's  recent  remarkable  observations  on  the 
Cladoxyleae  of  the  Culm  ^  it  seems  highly  probable  that  the 
MeduUoseae  sprang  from  polystelic  Ferns,  each  of  the  well- 
known  rings  of  wood  in  the  Medullosean  stem  corresponding 
to  a  distinct  stele,  with  its  own  secondary  zone.  On  the 
other   hand,    the    Protopityeae ',   and    the    Lyginodendreae, 

■  II  is  extremely  probable  tbnt  Sfkeiuftiris  Honingkauti,  BroD^,  wu  Uk 
ioX^M^oi  Lyginod4ndrom  Oldhami»m,  and  J'.  ;^,f>uw.  Bronco.,  Ilul  ai  Hettrangimm 
GriaHi.  Cf.  KidMou,  On  the  Fructification  and  Inlernal  Stnictnre  of  Cvbooi- 
feroui  Feni!;  Trani.  Geol,  Soc.  Glasgow,  Vol.  ii,  Pt,  I. 

*  Pflanienrcste  d«f  Uptercnlm  von  Sitlfeld.  above  dted. 

>  Solmt-Lanbacb,  BoL  Zeitnng,  181)4,  ^^'b-  li  P-  'o*^- 
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especially  the  latter,  are  essentially  monostelic,  Heterangium 
directly  connecting  Lyginodendron  with  the  type  of  stem- 
structure  now  represented  by  Gleichenia^  &c. 

Recent  Cycads  and,  so  far  as  I  am  aware,  the  Mesozoic 
Bennettiteae  also,  have  evidently  monostelic  stems,  and  the 
observations  recorded  above  tend  to  connect  them  with  the 
Lyginodendreae  rather  than  with  the  other  intermediate 
groups.  On  this  point,  however,  it  is  necessary  to  speak 
with  great  caution,  for  the  distinction  between  polystely 
and  monostely — so  striking  in  the  extreme  forms — is  one 
on  which  it  is  quite  possible  to  lay  too  great  stress^.  We 
may,  however,  safely  go  as  far  as  this :  the  discovery  of 
mesarch  bundles  in  certain  axial  organs  of  Cycadaceae, 
establishes  a  new  link  between  that  family  and  the  Lygino- 
dendreae, though  by  no  means  excluding  the  possibility  of 
relationship  in  other  directions. 

The  other  point  of  interest  recorded  above,  is  the  occasional 
occurrence  of  concentric  vascular  bundles  in  the  cortex  of  the 
peduncle.  This  is  a  very  inconstant  phenomenon,  and 
I  hesitate  to  attach  great  importance  to  it,  for  we  know 
that  concentric  structure  sometimes  appears  in  the  foliar 
bundles  of  various  Angiosperms,  where  there  can  be  no 
question  of  phylogenetic  significance  ^ 

The  cortical  bundles  of  the  peduncle  in  Stangeria  appear 
to  represent  a  vestigial  leaf-trace  system,  no  longer  connected 
with  leaves.  It  is  possible  that  a  primitive  structure  has 
sometimes  been  retained  by  these  now  rudimentary  strands. 
The  concentric  structure  suggests  a  comparison  with  Medul- 
loseae,  but  a  better  analogy  can  be  found  among  the 
Lyginodendreae,  for  the  leaf-traces  in  the  cortex  of  CcUamo- 
pitys  Saturni  appear  to  have  been  perfectly  concentric  ^  In 
Lyginodendron  the  leaf-traces  were  collateral,  only  becoming 
concentric  in  the  leaf  itself. 

'  On  this  point  see,  for  example,  Mr.  Gwynne-Vanghan's  paper  on  Polyitely  in 
the  genus  Primula^  Annals  of  Botany,  Jane,  1897. 
'  Cf.  Gwynne-Vaughan,  loc.  cit. 
'  Solms-Laubach,  Pflanzenreste  des  Unterculm,  Plate  IV,  Fig.  11. 
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The  main  results  attained  may  be  briefly  summed  up 
thus:— 

1.  The  peduncles  of  certain  Cycads  {Stangeria  paradoxa, 
i  and  ?  ;  Bowcnia  spectabilis,  S  and  5  ;  Zamia  Loddigfsii,  f  ; 
Ceratosamia  mexicana  and  latifolia,  ^ )  have  mesardi  vascular 
bundles,  comparable  in  structure  to  those  of  the  leaves. 
This  is,  in  my  opinion,  a  primitive  character,  indicating 
affinity  with  the  fossil  Lyginodcndreae  and  Poroxyleae. 

2.  Some  of  the  primary  cortical  bundles  of  the  peduncle 
of  Stangeria  show  concentric  structure.  Possibly  this  also 
may  be  a  relic  of  ancestral  organization. 

In  conclusion  I  desire  to  express  my  thanks  to  Mr.  W.  C. 
Worsdell,  to  whose  skilful  aid  in  tlie  investigation  I  am 
greatly  indebted.     The  illustrations  are  also  from  his  hand. 
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The  followiDg  abbreviation!  are  used  (hron);hoa(  the  figures  '.—px.  protoiyletn  ; 
*■.  centripetal  ijilem ;  .i*.  centrifogal  xylem  ;  /*.  phloem  ;  (b.  cambium. 


.  Slaagtria  paradox, 


Diogrw 


seclioD  of  the  peduncle 


:,  taken  nboal  half  waj  up,  showing  the  arrangement  of  the  vucolu 
bandies,  and  tbe  distribution  of  the  centripetal  wood,  indicated  hj  dots;  c.s. 
coitjcol  strands.  The  numerals  indicate  coneaponding  bundles  in  thi>  section  and 
the  next,     x  about  ii. 

Fig.  1.  Stangiria  paradexa.  Similar  section  from  the  lower  part  of  the  same 
peduncle,  at  the  level  where  the  centripetal  wood  first  appcara.  Note  the  irrqpilar 
orientation  of  the  bundles  in  this  region,    c,  i.  cortical  strands,  one  of  which  is 

Fig.  J.  Slangtria  paradexa.  Tranivene  section  of  a  vascular  bundle  from  the 
upper  part  of  a  mate  peduncle.  The  centripetal  ijilem  is  well  developed,  and 
abuts  on  the  compressed  protoxylem.     x  S5. 
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Fig.  4.  Stangeria  paradoxa.  Similar  section  from  the  middle  part  of  another 
male  pcdnncle.  c.  small -celled  tissue  in  which  the  centripetal  xylem  is  situated  ; 
/.  pith.     X  about  85. 

Fig.  5.  Stangeria  paradoxa.  Radial  section  through  a  vascular  bundle  in 
a  male  peduncle.  The  centripetal  xylem  is  here  shown  at  the  border  of  the  pith, 
/,  separated  by  narrow-celled  tissue,  o  froin  the  spiral  tracheides,  px,    x  about  85. 

Fig*  6.  Cycas  revoluta.  Transverse  section  of  a  vascular  bundle  from  the  stalk 
of  a  carpel,  for  comparison  with  Fig.  3,  from  the  peduncle  of  Stangeria.  To  the 
left  a  small  inverted  cortical  bundle  is  shown,     x  85. 

PLATE  XXI. 

Fig.  7.  Stangeria  paradoxa.  Radial  section  through  a  vascular  bundle  in 
a  male  peduncle.    The  centripetal  xylem  begins  with  a  spiral  tracheide.     x  1 30. 

Fig.  8.  Stangeria  parade  xa.  Transverse  section  of  a  concentric  cortical  bundle 
from  the  middle  part  of  a  male  peduncle,     x  x  30. 

Fig.  9.  Stangeria  paradoxa.  Similar  bundle,  frt>m  the  lower  part  of  another 
peduncle.  There  is  here  a  central  parenchyma  in  which  the  protoxylem  is 
embedded.  Sieve-plates  are  indicated  on  the  radial  walls  of  some  of  the  sieve- 
tubes.     X  130. 

Fig.  10.  Zamia  Loddigesii.  Transverse  section  of  a  vascular  bundle  from  the 
peduncle  of  a  female  cone,  showing  centripetal  xylem.     x  85. 

Fig.  II.  Zamia  Loddigesii.    Radial  section  of  a  similar  bundle,     x  85. 

Fig.  13.  Stangeria  paradoxa.  Transverse  section  of  a  vascular  bundle  from 
a  carpel.    The  centripetal  xylem  is  very  slightly  developed,     x  no. 

Y'lg.  II,  Stangeria  paradoxa.    Similar  bundle  from  a  stamen,     x  no. 
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Studies  in  the  Development  and  Morphology 

of  Cycadean  Sporangia : 

I.   The  BUcrotporanfia  of  Slang eria  paradoxa. 

liY 

WILLIAM    H.  LANG,  M.B,  B.Sc.. 

With  PlaU  XXU. 

TIIK  ch|>cci.il  interest  which  attaches  itself  to  the 
C>'cadaceae  as  forms  occupying  an  intermediate  position 
between  Plianerogams  and  Cryptogams  hat  been  dwelt  on 
by  several  investigators  who  have  studied  these  plants,  and 
has  recently  been  increased  by  the  discover}*  of  zoidiogamic 
fertilization  in  one  genus  {(ycas)^,  and  of  striking  anatomical 
resemblances  in  the  vegetative  organs  between  another  genus 
{Sian^rria)'  and  the  long  extinct  group  of  Lyginodcndreac. 

These  considerations  justify  a  fuller  examination  and 
account  <>f  the  existing  genera  f»f  Cycads  than  would  be 
necessary  in  the  case  of  plants  of  less  im|)ortance  from  the 
pr>int  of  view  of  descent  :  this  may  provide  a  lMisi%  for  com- 
|urtM>n  of  the  living  representatives  of  the  group  am^ng 
thrtnsrlves,  and  with  such  fossil  remains  of  related  plants 
as  may  t>e  divovcred.  The  nc*ed  of  this  fri>m  the  |alae«>- 
botanical  side  has  l>ecn  emphasized  by  Seward  *- 

Ifertii).  Ik.t    i  rt.^txW   .  IS97.  p    I 

'  \\iilam*t4»  ftd  1  Voft.  iMi  I f^tmAddmtrvm  Ami  fh:fsm£tmm,Vh\\  I r«A«.  Kut 
S«»  1^^.  |.  ;^^  Srr  a'.wt  *v««<t  i4i  TdlaLilr  "f  <  viAfUirttf.  in  the  prrwai 
^•■it««  fif  ibr  AnniU  nl  lintaay 

'  .Scimc*  Trr^ffYt^  N   S  .  \  ij  1,  p.  1 1  i» 

( AMMto  •€  B«tMy.  VttL  XI.  Ho  XlAVk  Sftoi  Mr.  ift^f  I 
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In  these  studies  the  attempt  will  be  made  to  examine  and 
compare  the  development  and  mature  structure  of  the 
sporangia  of  those  Cycads  that  have  not  been  fully  investi- 
gated, so  far  as  material  can  be  obtained.  The  difficulty  of 
obtaining  suitable  material  for  developmental  work  is  very 
great  in  plants  of  this  group;  but  the  magnificent  collection 
of  Cycads  in  cultivation  at  the  Royal  Gardens,  Kew,  which 
in  many  cases  bear  cones  freely,  affords  a  peculiarlj'  favourable 
opportunity  for  gradually  accumulating  material  of  the  various 
stages.  This  investigation  was  commenced  at  the  suggestion 
of  Dr.  D.  H.  Scott  in  the  Jodrell  Laboratory  at  Kew,  upon 
material  already  collected  by  him :  and  this  material  was 
supplemented  with  further  stages  as  opportunity  offered. 
In  connexion  with  the  collecting  of  material,  I  wish  to 
acknowledge  my  indebtedness  to  the  authorities  of  the  Royal 
Gardens,  who,  whenever  possible,  readily  gave  me  permission 
to  preserve  the  cones  which  were  produced  on  the  different 
species.  The  removal  of  young  cones  without  inflicting 
injury  on  the  plants  is  an  operation  that  requires  great  care, 
and  in  this  and  other  ways  Mr.  Watson  kindly  assisted  me. 

The  work  was  commenced  under  the  guidance  of  Dr.  Scott 
in  the  Jodrell  Laboratory,  and  has  been  continued  at  Gla^ow 
University.  To  Dr.  Scott  and  Dr.  Bower  I  wish  to  express 
my  thanks  for  numerous  suggestions  and  other  valuable 
assistance  in  the  course  of  the  investigation. 

Two  courses  are  open  in  recording  the  results  obtained. 
The  observations  made  on  the  considerable  amount  of  material 
of  a  number  of  genera  might  be  collected  together,  and  sup- 
plemented when  the  stages  which  were  wanting  could  be 
obtained  ;  or  the  publication  of  the  results  on  each  genus 
might  be  deferred  until  a  fairly  complete  account  of  the 
development  of  its  sporangia  was  possible.  The  latter  course 
has  many  advantages,  and  will  be  followed. 

The  present  paper  deals  with  the  development  and  structure 
of  the  microsporangia  of  Stangeria  paradoxa,  Th.  Moore. 
Since  it  has  not  been  possible  to  obtain  the  earliest  stages 
of  the  development  of  the  ovule,  the  full  account  of  its  de- 
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vclo|>incnt  ami  stiucturc  is  defer rcii  in  the  h(>|H:  of  obtaining 
cones  of  the  required  a^e. 

The  reiieniblance  which  StaPigeria  presents  in  general  habit 
to  a  hVrn  is  btrikin^,  and  has  been  frei|uently  referretl  to. 
In  the  li^ht  of  other  facts,  which  make  the  origin  of  the 
Cycads  from  Fern-Hke  ancestors  probable,  considerable  im- 
|M)rtance  may  be  attached  to  this;  and  it  is  possible  that* 
in  the  ap|K:arance  of  the  vegetative  organs.  Stam/i^eria  presents 
primitive  and  not  secondarily  acquired  characters.  The  fact 
tliat  structural  |)eculiarities  of  morphological  im|xirtance, 
which  in  other  Cycads  are  confined  to  the  leaves,  have  been 
found  in  the  |)eduncles  of  lK)th  male  and  female  cones  of  this 
s]>ecies  \  made  it  a  matter  of  some  interest  to  ascertain 
whether  Siiifit^erin  differs  from  other  Cycads  in  the  structure 
and  development  of  its  s|K>rangia. 

The  material  was  obtained  from  a  large  plant,  growing  in 
the  I'u'hfia  rtf;ia  house  at  Kew,  which  produces  numerous 
male  cones.  A  series  i*f  these,  from  the  first  ap|K*arance  of 
the  tip  of  the  cone  among  the  si'ale-lcaves  covering  the  a|K:x. 
to  the  mature  cone  with  dehi^cing  s|K>r«mgia,  was  collected. 

The  mature  N|M)rophyll.s'  are  inserted  on  the  axis  k4  the 
ione  by  short  stalks  Ivach  con sints  of  a  horizontal  |>ortion» 
the  lower  surface  of  which  is  cl«>sc-|y  cove-red  with  s|>orangia. 
and  uhiih  is  continued  into  the  m air-like  terminal  |Mrt- 
'I  hiN  i-1  (lothrd  \%ith  hairs  on  its  outer  surface,  and  is  almost 
vertical.  Mver  lapping  the  N|)«»rophylU  irnnietliatcly  ab«>ve.  and 
affording  elTicient  protection  ti»  the  s|K»rangia  during  their 
devi-Iopmrnt.  A  slight  drprrssii>n  in  the  outer  margin  of  the 
area  L<'\rri'd  uith  spt>rangia  intlicatcs  its  origin  by  the  junction 
of  tuo  lateral  ^;ri>upN  of  s4»ri.  The  <*|Nirangia  ditler  v»mewhat 
tr<<rii  i>nr  aru>thci  in  si/r  and  Hha|H-.  A  row  of  large  o\al 
s|M»ran^;ia  can  aluavN  be  diNtiiiv:uiHhr(l  at  the  outer  margin, 
and  uttluii  tln^  i- a  similar  but  Ic^n  re^^ular  rt»w  ;  these  two 
f«>\%^  of  ii{H'f.in>Ma  1  «irrc  «;>•  fid  !«•  the  I'Utrr  rou  of  sori.  I'he 
•  ther   s}»<-fai:^;ta    tn    sli^^litly  ^iiiallt  r.  anil  are  arrangeil  in  »*ri. 

•v    ■  •    .  -    .  .t 
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which  consist  of  two  to  seven  sporangia.  These  son  arc 
difficult  to  detect  in  the  mature  cone,  but  sometimes  the 
direction  of  the  long  axes  of  the  crowded  sporangia  and 
of  their  lines  of  dehiscence,  which  run  radially  in  the  more 
regular  sori,  enable  their  limits  to  be  determined.  As  serial 
sections  in  a  plane  parallel  to  the  surface  of  the  sporophyll 
show,  the  stalks  of  the  sporangia  composing  a  sorus  converge 
as  the  surface  of  the  sporophyll  is  approached.  In  the 
intervals  between  the  sori  hairs  are  present,  while  they  are 
not  found  between  the  individual  sporangia  of  a  sorus.  Each 
sporophyll  bears  a  large  number  of  sporangia ' ;  these  are  less 
numerous  on  the  scales  near  the  apex  of  the  cone,  but  their 
arrangement  is  the  same. 

The  youngest  cones  that  could  be  obtained  without  risk 
of  injury  to  the  plant  were  too  far  advanced  to  enable  any 
observations  on  the  development  of  the  sporophyils  to  be 
made ;  they  measured  2S  mm.  in  length,  exclusive  of  the 
peduncle.  The  early  stages  of  development  of  the  sori  and 
sporangia  could,  however,  be  followed  in  cones  of  this  size,  for 
not  only  were  the  sporophj  Us  in  the  apical  region  in  a  less 
advanced  stage  of  development  than  those  inserted  nearer 
the  base,  but  sori  of  different  ages  were  present  on  the 
same  sporophyll. 

The  young  sporophyll  (Fig.  1)  has  a  short  stalk.  The 
horizontal  soriferous  portion  is  distinguishable  by  its  white 
glistening  appearance  from  the  hairy  surface  of  the  terminal 
scale-like  part,  which  extends  as  a  V-shaped  projection 
between  the  two  lobes  of  which  the  horizontal  portion  con- 
sists, but  does  not  completely  separate  them.  The  sori  in 
the  youngest  scales  examined  formed  a  slightly  curved  row 
on  each  side,  immediately  within  which  was  a  group  of  sori 
differing  in  size  from  one  another.  The  outer  row  of  sori  gives 
rise  to  the  two  outer  rows  of  sporangia,  while  the  inner  group 
consists  of  the  first  developed  sori  of  more  central  sporangia. 
These  are  seen  to  be  distinct  from  one  another  in  older  scales 

'  Accordini;  to  Al.  Brann  mare  than  lOO  l,Die  Frage  nich  der  Gymnospennie 
derCyc>d«cn:  Monauber.  d.  K.  Aknd.  d.  Wiu.,  Berlin,  1875,  p.  343,  nole;. 
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(Fig.  i).  The  part  bearing  the  son  has  incrcaied  in  size,  and 
its  lateral  lobes  arc  more  prominent.  Sort  continue  to  arise 
touard  the  outer  border  of  the  lateral  lobes,  and  also  on  the 
elevated  median  ridge.  As  the  latter  increase  in  number, 
they  connect  the  two  groups  of  sori  which  were  at  first 
separated  by  a  considerable  inter>'al.  Those  last  formed  are 
the  most  regular  in  form ;  they  arise  as  circular  elevations, 
the  margin.s  of  which  soon  become  distinct,  and  they  are  at 
first  separated  from  one  another  by  wider  inter\'als  than  the 
earlier  formed  sori.  The  appearance  presented  by  the  latter 
(Fig.  I )  suggests  an  origin  by  unequal  growth  of  a  slightly 
elevated  central  region. 

The  differentiation  of  the  sorus  into  sporangia  agrees 
closely  with  what  takes  place  in  Ceratcsamia.  On  the  nroe 
sporophyll  all  stages  from  the  first  indication  of  a  sorus  to 
s|)orangia  of  considerable  size  are  present  (Figs,  a,  3),  while 
XS'arming's  figures  suggest  that  the  numerous  sori  on  any 
sporophyll  of  Oraiotamia  are  at  the  nme  stage  in  their 
development '. 

One  peculiar  feature  in  the  relation  of  the  individual 
sporangia  of  a  sorus  to  each  other  is  best  illustrated  by 
a  transverse'  section  (Fig.  4).  In  many  cases  the  sporangia 
become  equally  distmct  from  one  another  at  an  early  stage, 
hut  sort  ucre  frequently  (»bserved.  in  which  »ome  or  all  of  the 
s|H>r.ingia  remained  lor  a  time  united  in  pairs.  In  the  sorus 
figured  three  such  |uirs  are  seen,  the  crosses  indicating  the 
|H>sition  of  the  s|>«irogenous  groups  of  cells,  which  were  nimilar 
to  th.it  «hown  in  Fig.  H. 

I  he  9tu{K'rfiiial  cells  of  the  region  of  the  s|M»rophyll,  nn 
^huh  viri  .11  c  alxuit  to  aii^.  have  l.irger  nuclei  Anti  moie 
abutnUiit  proti  plasm  tlun  the  underlying  ones.  The 
cpulcrmis    1^   .1    {H*rtectly    dehnitc    layer    dtvidmg    only    by 

\^tr*i.;f.|j     I  .<.!•!•      4    .''.;•!    it    -I'l.rrlr     >%    I   f^ai'm.    I  ti|ctiKi|^:      I^*i|, 
1  •!»    V.  \  '.^\    i.  4.  *    •#.  !  > 

*    l-t  m  f*jmii,fi4  tfl.i.ix  *  Mfu»  'f  •|«>fV-|^iyni  !•  aMTAc:  uctf  |i*fAlicl  tu  iIm 

»!::!•  r  !  !>.•  ij  f  ^  *  «;  \  »i.rli«-«-  }<i|«  ■  i«!ar  t>  ibr  turUcr  t»f  tbr  tiartMii^^U 
m^W  !«■  k{  -  t  r :  til  A  I .  «/i.  .1.  M  i  111  ii  Ai.  .  m  Krn  \  <RM(Mr,  « i!l  l#  iliiiio^auKc*!  •• 
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anticlinal  walls.  The  sorus  appears  as  a  slight  elevation, 
which  is  at  first  flat-topped,  but  at  an  early  stage  becomes 
depressed  centrally  by  the  more  rapid  growth  of  the 
surrounding  cells.  The  origin  of  the  sorus  depends,  partly  on 
the  increase  in  size  of  the  cells  of  the  hypodermal  layer,  and 
partly  on  division  and  growth  of  the  cells  underlying  this. 
Sometimes  the  latter  owe  their  origin  to  earlier  divisions  of 
the  hypodermal  layer,  in  which  case  a  section  of  the  sorus 
shows  vertical  rows  of  cells ;  in  other  sections  this  is  not  so 
obvious.  The  merismatic  appearance  of  the  tissue  extends 
more  deeply  beneath  a  developing  sorus  than  elsewhere,  and 
in  a  slightly  later  stage  is  seen  to  be  continuous  with  the 
procambial  strand  of  the  bundle,  which  terminates  beneath 
each  sorus.  In  radial  sections  of  such  young  sori  certain 
hypodermal  cells  of  large  size  and  with  prominent  nuclei  can 
be  recognized.  They  occupy  a  definite  position,  about  mid- 
way between  the  depressed  centre  and  the  margin,  Usually 
two  such  cells  are  visible  in  a  vertical  section  passing 
through  one  of  the  young  sporangia  (Fig.  5),  but  com- 
parison  with  the  adjoining  sections  of  the  series  and  with 
transverse  sections  of  son  of  similar  age  shows  that  a  group 
of  four  cells  is  present,  only  two  of  which  can  appear  in 
a  vertical  section.  From  this  group  of  cells  the  sporogenous 
tissue  is  derived.  The  frequency  with  which  anticlinal 
divisions  take  place  in  the  hypodermal  layer  renders  it  3 
matter  of  great  difficulty  to  determine  whether  this  group  is 
derived  from  a  single  cell,  as  Goebel '  suggested  in  the  case  of 
Zamia,  or  not-  In  certain  cases  I  am  of  opinion,  from  a  care- 
ful study  of  the  arrangement  of  the  cell-walls,  that  this  is  not 
the  case,  but  in  a  few  examples  it  appeared  to  be  a  possible 
interpretation.  No  single  cell  could,  however,  be  distinguished 
as  occupying  the  position  of  the  cell-group  in  younger  sori. 

Each  of  the  four  cells  undergoes  division  by  a  periclinal 

wall  into  a  flat  outer  cell  and  an  inner  one  of  slightly  greater 

size  (Fig.  6).     From  the  four  inner  cells  thus  produced  the 

sporogenous  tissue  is  derived.     Their  origin  is  similar  to  that 

'  Goebel,  Vei^leich.  Eniwicklnugsgc^h.  d.  Pflanienoixane,  p.  395. 


of  the  archcs|)orial  cclU  in  the  poIlcn-sac  of  an  An^ios|>crm. 
while  the  outer  scjjment^  ct>rre»pond  to  the  primary  ta|>ctal 
ccIN. 

The  first  division  in  the  sporofjcnou*  cells  is  by  a  periclinal 
wall,  S4)  that  a  (;roup  of  four  cells  is  seen  in  a  vertical  section 
(Fi^j.  7).  Since  four  s|)or<>j;enoui  cells  are  visible  in  transverse 
sections  of  s|)oran^ia  of  this  age  (Fijj.  X)  it  is  clear  that  there 
is  a  cubical  (;rc»up  of  ci^^ht  cells.  The  cells  surroundini;  each 
s|x>ro(;enous  (;roup  keep  |>ace  with  its  increase  in  si/e  and 
undergo  fre<iuent  divisii^ns.  At  the  central  \nV\nX  of  the  sorus 
and  between  the  developing  s(K>rangia  the  hy]Kxlennal  cells 
soon  lose  their  merismatic  character  and  cease  to  grow.  s<) 
that  the  s|>orangia  became  distinct  from  one  another.  In  such 
cases  as  that  shown  in  Fig.  4.  growth  has  not  l>ecn  arrested  in 
the  interval  between  the  S{x»rangia  of  each  |)air.  but  these 
alsf>  l>ecome  free  fmm  one  another  at  a  later  st.ige.  The  stalk 
of  the  s|)or.ingiuin  is  d«  rived  fri»m  the  gniwth  of  the  tissue 
beneath  the  s|H»r«»genoiis  group. 

After  the  stage  repre»i*nted  in  Fig.  7  has  been  re.ichetl,  the 
divisions  in  the  spor<>gent»us  cells  do  not  f<»llow'  in  exactly  the 
same  order  in  ditVcrent  N]H>rangia.  I'sually  each  of  the  upi^er 
cells  is  diviiled  l)y  antieliial  walls,  and  the  resulting  cells 
undergo  |H'iicliii.il  diviHJ-'nN.  From  the  1  »wer  i>f  the  shaded 
Cells  s<'en  in  Fi^.  7  the  greater  part  of  the  sp  »ri>genous 
tissue  oiiginales:  lhe>o  cells  di\iile.  in  the  more  regular 
examples,  into  four  by  |>erulinal  and  anticlinal  wallv  The 
subseipient  divisif>iiH  ot  these  irlls  (Xt'ur  in  \ari«iUN  diieitions, 
but  thr  {><)sitioii  ot  the  e.irlh  r  iIuiNion  walls  remans  ttacrablc 
foj  siimc  tirue  il'i^js  i^.  uK  In  tians\er%e  M*i.tton  thr  wliolc 
of  th'*  s;>«*rogf*n<iU'«  nuis^  cao  .is  a  rule  be  lelrtretl  to  the  group 
ol'  |i*ut  ctlis  pteMtit  111  sinular  srctrms  ol  younger  s|Mirangia 
(fig.  ii». 

I  he  sh.ipe  iil  ihr  p-»iiv;rnou^  i;f»»tip  dilf<  rs  to  a  C'-ns  drr- 
able  extent  Ml  N|>oi.i!;^':  I  i>|  the  A-iuie  a^'\  as  udl  be  scrn  i>n 
c«»iiip.iriM;;  I  i.^s  «« .tnd  1  .  I  lif--c  different  (-»  stand  tnrrlati*n 
with  thi  »;i  ni  :.i!  I'-rin  ••!  thr  ^iH'i.ingium.  wMcli  ap|iears  to  tic 
itilliiei'.t  1 1!   tn   11  •   Mii.iii   <!t^;i(e    b)   the   pri^Miic  t'*«hiih  it  !<» 
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subjected  during  development.  That  the  pressure  is  consider- 
able is  indicated  by  the  manner  in  which  the  upper  surface 
of  tlie  sporophyll  becomes  marked  by  sitiall  depressions 
corresponding  to  the  sporangia  of  the  sporophyll  above. 
When  this  pressure  acts  upon  a  sporangium,  the  form  assumed 
at  this  stage  is  short  and  broad,  the  sporogenous  tissue  is 
extended  parallel  to  the  flat  top  of  the  sporangium,  and  the 
cells  of  the  ivall  which  owe  their  origin  to  the  primary  fcipetal 
cells  arc  flattened  {Fig.  9).  It  sometimes  happens,  however, 
that  by  the  presence  of  large  sporangia  around,  or  by  the 
margin  of  the  sporophyll  becoming  turned  down  to  form 
a  sort  of  rim,  the  sporangium  is  almost  relieved  from  pressure 
in  the  vertical  direction.  It  then  assumes  the  form  shown  in 
Fig,  10,  where  the  sporogenous  tissue  forms  an  elongated 
square  prism  retaining  the  general  proportions  seen  in  Fig,  7  ; 
the  general  form  of  the  sporangium  is  correspondingly 
elongated,  and  the  cells  of  the  wall  derived  from  the  primary 
tapetal  layer  have  not  the  flattened  appearance  seen  io  the 
former  example. 

The  sporangium  incrca.ses  considerably  in  size  without  any 
further  differentiation  becoming  apparent.  A  large  mass  of 
sporogenous  ti-wue  is  formed  by  repeated  divisions,  and  the 
wall  increases  in  thickness  (Fig.  12).  The  thickness  of  the 
wall  is  usually  greater  on  the  side  toward  the  centre  of 
the  sorus  and  the  rectangular  outline  of  the  upper  part  of  the 
vertical  section  is  due  to  its  thickness  at  the  angles.  At  the 
sides  it  consists  of  four  or  five  layers  of  cells.  At  this  stage 
the  epidermal  cells  are  still  thin-walied.  The  cells  adjoining 
the  sporogenous  mass  usually  divide  by  walls  parallel  to  the 
limits  of  the  latter,  and  the  more  or  less  complete  double 
layer  thus  produced  is  distinguishable  even  in  the  mature 
sporangium.  This  layer,  the  further  development  of  which 
will  be  described  below,  forms  a  convenient  indication  of  the 
limit  between  the  wall  and  the  sporogenous  tissue. 

Until  this  stage  (Fig.  13)  the  tapctum  is  not  recognizable, 
but  shortly  after  the  divisions  in  the  inner  layer  of  the  wall 
its  origin  can  be  traced.    It  arises  from  the  sporogenous  tissue 
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by  the  cutting  off  of  tabular  cells  from  the  outer  layer  or,  less 
commonly,  by  the  direct  conversion  of  the  outer  cells  into 
cells  of  the  tapetum.  Fig.  13  shows  the  tapetal  layer  at  this 
stage,  and  demonstrates,  both  by  the  arrangement  of  the  cell- 
walls  and  by  its  position  with  regard  to  the  double  layer  of 
cells  of  the  wall,  that  it  has  arisen  from  sporogenous  cells. 
Usually  the  tapetum  is  a  single  layer,  but  it  may  become  at 
places  two  or  even  three  cells  thick,  by  the  deeper  cells  of  the 
sporogenous  mass  assuming  the  characters  of  tapetal  cells. 
Its  cells  at  first  resemble  those  of  the  sporogenous  tissue  so 
closely  that  care  is  necessary  to  distinguish  them,  but  changes 
soon  occur  in  the  latter  which  render  their  distinction  an  easy 
matter,  and,  by  comparison  with  earlier  stages,  place  their 
mode  of  origin  beyond  doubt  The  sporogenous  cells  are 
now  the  mother-cells  of  the  pollen-grains,  and  their  walls 
undergo  a  change  which  causes  them  to  stain  deeply  with 
Bismarck-brown,  while  the  walls  of  the  tabular  tapetal  cells 
remain  thin  and  are  more  difficult  to  distinguish  than  before. 
Comparison  of  a  large  number  of  sporangia  shows  that  the 
mode  of  origin  of  the  tapetal  layer  described  above  is  the 
ordinary  one  in  Siangeria ;  but  I  am  not  prepared  to  state 
that  this  layer  is  never  derived  in  part  from  cells  adjoining 
the  sporogenous  tissue,  although  no  sporangium  in  which  this 
was  clearly  the  case  has  been  found. 

Immediately  outside  the  tapetum  the  double  layer  of  cells 
can  in  most  cases  be  recognized.  Its  cells  are  usually  flattened 
and  contain  elongated  nuclei  which  appear  homogeneous  and 
highly  refractive.  Between  these  cells  and  the  epidermis,  the 
cell-walls  of  which  are  becoming  thickened,  the  remaining 
layers  of  the  wall  are  present.  Their  nuclei  as  a  rule  do  not 
take  on  the  same  highly  refractive  appearance  as  those  of  the 
double  layer  of  cells. 

Some  of  the  spore-mother-cells  do  not  develop  further,  but 
undergo  a  change  closely  resembling  that  described  by  Treub  ^ 
in   Zamia,   both   nucleus   and   cytoplasm    becoming   highly 

'  RechcTchcs  siir  les  Cycadces  :   Ann.  Jard.  Huitcnzorg,  Vol.  ii,  p.  36,  1*1.  Ill, 
>»  4.  5. 
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refractive  and  undisUnguishable  from  one  another :  these  cells 
stain  deeply  and  uniformly  (Fig.  14}.  The  number  of  cells 
that  undergo  this  sterilization  is  not  great,  but  the  fact  of  its 
occurrence  is  of  interest,  for  comparison  with  what  takes  place 
in  the  large  sporangia  of  Pteridophyta,  e.g.  Equisetum^y 
Psilotum*,  Op/u'oglossum'^,  and  in  the  pollen-sacs  of  some 
Angiosperms,  e.g.Arui/i  macnlatinn.  The  sterilized  cells  are 
always  much  smaller  than  the  surrounding  sporogenous  cells 
with  which  they  agreed  in  size  before  the  change  commenced. 
This  circumstance,  taken  together  with  the  fact  of  the 
sterilized  cells  being  more  or  less  flattened  in  most  cases, 
suggests  that  increase  of  pressure  within  the  sporangium  is  at 
least  a  factor  in  their  production.  It  is  of  interest  in  regard 
to  this  to  note  that  at  the  time  of  their  appearance  the 
epidermal  layer  has  just  acquired  its  thick  walls,  which  may 
be  presumed  to  offer  greater  resistance  to  the  increase  in  size 
of  the  sporogenous  mass  within.  It  is  possible  that  deficient 
nutrition  may  be  another  factor  in  their  production,  but  their 
frequent  occurrence  close  to  the  tapetum  itself  points  to  the 
operation  of  some  other  cause. 

The  spore- mother-cells  become  isolated  from  one  another. 
The  tetrad-division  was  not  followed  in  detail^  but  the  tetrads 
still  enclosed  in  the  wall  of  the  mother-cell  closely  resemble 
those  of  other  Cycads.  Fine  granules  are  present  between 
them,  but  only  in  small  amount.  The  spherical  spores,  when 
they  become  free,  do  not  nearly  fill  the  cavity  of  the 
sporangium  {Fig.  1,5). 

The  tapetum  persists  as  a  complete  layer  within  the  wall 
of  the  sporangium  ;  its  cell-walls  have  disappeared.  The 
individual  cells  stain  deeply;  each  possesses  a  nucleus 
which  never  assumes  the  highly  refractive  appearance  of  the 
layer  immediately  outside.  The  nucleus  often  breaks  up  into 
two  or  three,  apparently  by  fragmentation. 

'  Bower,  Phil,  Trans.  1894,  p.  500,  Fig.  »i,  PI  43. 

'  Ibid.  p.  S50,  Fig.  143,  PI.  51. 

'  RcBlowiew,  Rechirchcs  sui  I'Oph.   vulg.,  nolc  pieliminaire,  p.  a',  Taf.    1, 
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The  two  layers  of  cells,  the  ori|;in  of  which  from  the  cells 
of  the  wall  adjoinin^;^  the  sporogcnous  mass  was  described 
above,  arc  now  so  crushed  that  the  limits  of  the  cells  are 
difficult  to  make  out,  and  the  whole  appears  under  low 
powers  as  a  thin  band  outside  the  tapctum  (Fig.  ij).  The 
cells  of  this  layer  stain  deeply,  and  are  sharply  distinguished 
from  the  outer  cells  of  the  wall,  which  have  oval  nuclei  of 
granular  ap{)earance.  There  are  three  to  six  layers  of  these 
cells  and  the  wall  is  boundeil  by  the  epidermis,  the  cells 
of  which  differ  in  form  and  structure  according  to  the  part 
ihcy  play  in  the  dehiscence  of  the  s|>orangium. 

When  exanu'nc*d  from  the  surface,  the  epidermal  layer  is 
seen  to  consist  of  cells  with  more  or  less  thickened  walls, 
elongated  in  the  direction  parallel  to  the  line  of  dehiscence. 
The  latter  is  distinguished  by  its  colourless  cell-walls,  which 
contra>t  with  the  bmwn  colour  of  the  cells  of  the  rest  of  the 
wall.  Its  cells,  which  form  two  rows,  are  somewhat  shorter 
than  th<ise  on  either  side  ;  they  have  greatly  thickeneil  walls 
in  which  numerous  simple  pits  are  present.  The  line  of 
dehiNCcnce  extends  almg  the  whole  length  of  the  side  of  the 
S|>*>rangium  which  is  tume<l  away  from  the  s|K>rophyll ;  it 
reaches  from  cl<»^  to  the  stalk  almost  to  the  a{K*x,  where  it  is 
continuous  with  a  group  of  cells  which  agree  Hith  it  in  the 
api>c;irancc  and  strticturc  of  their  walls,  but  have  more  or  less 
circular  ca\itic-H.  Tlicsc  rilN  uhi^.h  occupy  the  ajiex,  corrc- 
six^tul  in  position  as  Wanning  has  Mated  *,  t'»  uhat  is  usually 
dr»irilK-<l  an  tlu*  annulus  of  OsmunJa  or  Ani^iofUf is.  In 
Statuyfia  th«  yii*'  n'»t  pp»;rct  al>ovc  tlie  Irvcl  of  the  surri>und- 
ing  cells  th'Mi^^h  this  is  tlic  case  in  s'»me  f»tlu*r  genera  of 
(  \iada«  lar  •'.  \\\r  a\\c\  of  the  sjK»rangium  of  Stant^ma 
c«»rresjHr?idH  cIo<M*ly  uith  that  of  (Vrti/»'  ttfNtit,  The  celU 
of  the  rciX  o!  the  s|xiran;;ial  waW  have  cellual!^  of  a  yellow 
i"I«iiir  afxl  "f  I 'tns  ili  table  thickness.  When  viewed  ffotn  the 
o.it»iil('  b.it  little  ditf(*ti-nie  t^.m  Ik*  detectetl  Ixtvieen  them  ' 
the  cell**  near  t'>  the  line  of  dehiscence  have   hoMcAcr,  s^ime 

■    W  ,.it»     ,;    1--       ,'    J     I.  I"    \ .  1.,:    11. 
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what  thicker  walls  with  more  numeroua  pits  than  those 
toward  the  opposite  side  of  the  sporangium.  If  a  section 
of  a  sporangium  at  right  angles  to  the  line  of  dehiscence 
be  examined,  the  difference  is  found  to  be  much  more  con- 
siderable than  appears  in  surface  view.  The  cells  for  some 
distance  on  either  side  of  the  line  of  dehiscence  have  all  their 
walls,  especially  the  inner  and  vertical,  strongly  thickened 
(Fig.  jffj.  Toward  the  apex  these  bands  of  thick-walled 
cells  are  broader  than  near  the  stalk,  and  the  transition 
from  them  to  the  thinner- walled  cells  of  the  lateral  region 
is  more  gradual.  The  latter  near  the  ape.x  have  thin  outer 
but  fairly  thick  vertical  and  inner  walls,  while  further  from 
the  apex  the  cells  become  more  uniformly  thin-wallcd. 

There  are  thus  bands  of  thick-walled  cells  on  cither  side 
of  the  line  of  dehiscence,  which  meet  at  the  apex  in  the  cap 
of  isodiametric  thick-walled  cells,  while  the  rest  of  the 
epidermal  layer  is  composed  of  comparatively  thin-wallcd 
cells.  The  relation  of  the  thin-  and  thick-walled  regions 
of  the  wall  is  closely  similar  to  that  existing  in  Angioptcris '. 
The  mechanism  by  which  the  sporangium  opens  appears  also 
to  be  essentially  the  same^  When  the  cells  dry  up  at 
maturity,  t1ie  thin-walled  cells  of  the  lateral  region  contract 
and  pull  upon  the  bands  of  thick-walled  cells,  thus  widening 
the  slit :  this  in  Stangcria  is  formed  by  the  separation  of  the 
two  rows  of  cells  which  compose  the  line  of  dehiscence,  while 
the  cells  themselves  remain  intact.  The  widely  gaping  slit, 
which  extends  from  the  stalk  to  the  apex,  is  directed  down- 
wards in  the  natural  position  of  the  sporangia.  The  mature 
sporangium  can  be  induced  to  open  by  drying,  and  closes 
again  when  moistened. 

Numerous  stomata  arc  present  in  the  epidermis  of  the  side 
of  the  sporangium  away  from  the  line  of  dehiscence  and  near 
the  stalk.     Their  position  is  indicated  in  Fig.  \^  by  dots  on 

'  Zeilltr,  Cites  Miii^raux,  Flore  fossile,  p,  i8,  Fig.  13. 

*  Tlie  mech-inism  of  ilchisccnce  in  AiigiopUris  is  ilescribod  in  n  paper  by  Bower, 
rend  belbte  the  Koyal  Society  on  May  27,  iSyj,  but  not  )ct  piibliiheii  in  full, 
]  am  inilcbtcd  lo  Dr.  liowci  for  piacing  his  results  and  ptepaiatious  at  my  disposal 
foi  purposes  of  comparison  with  Slan^tria. 
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the  wall.  Their  guard-cells  are  depressed  below  the  surface, 
and  subsidiary  cells  are  present.  The  stomata  do  not  become 
fully  developed  until  the  sporangium  is  nearly  mature.  They 
are  found  in  a  similar  position  on  microsporangia  of  Cerato- 
zamia  and  Eftcephalartos^  the  only  genera  of  which  mature 
material  was  at  hand  for  comparison.  Stomata  are  present 
on  the  ovules  and  sometimes  the  pollen-sacs  of  Angiosperms, 
but,  so  far  as  I  am  aware,  not  on  the  sporangia  of  any  Vascular 
Cryptogam.  The  two  sporangia  represented  in  Fig.  17  also 
illustrate  the  difference  in  form  between  the  sporangia  at 
the  outer  border  of  the  soriferous  region  {a)  and  those  situated 
more  centrally  {b) ;  the  existence  of  this  difference  was  referred 
to  above,  and  the  figure  will  explain  its  nature  without  further 
description. 

The  pollen-grain  of  Stangeria  ^  is  at  first  spherical ;  later 
one  side  becomes  infolded,  and  its  shape  is  oval.  At  first 
only  one  nucleus  is  present  (Fig.  16,  p\  but  before  the 
pollen  is  shed  each  grain  contains  three  cells,  the  large 
vegetative  cell  with  its  spherical  nucleus  and  two  cells  with 
thin  cell-walls  (Fig.  18);  these  are  situated  against  the  side 
which  becomes  infolded.  Since  only  these  two  cells  were 
present  in  pollen  which  had  been  gernn'natcd  by  Dr.  Scott,  it 
is  safe  to  conclude  that  they  are  the  only  ones  cut  off  in 
the  course  of  development  of  the  pollen  of  Stangeria. 
Stangeria  thus  agrees  with  the  other  Cycads  in  the  structure 
of  its  pollen. 

The  ovule  of  Stangeria  agrees  closely  in  the  later  stages 
of  development  with  the  Cycads  examined  by  Warming  ^  and 
Trcub  ^.  The  embryo-sac  was  already  present  in  the  youngest 
material  yet  obtained ;  it  is  developed  from  the  lowest  of 
a  row  of  three  cells,  which  is  derived  from  a  single  cell 
occupying  a  central  position  in  the  nucellus.  The  embryo- 
sac,  in  the  ovules  of  this  cone,  was  but  slightly  larger  than 

'  Hraan,  loc.  cit.  p.  315,  described  the  pollen -grain  of  Stan^eriay  but  did  not 
determine  the  numlxrr  of  basal  cells  (Basalzcllcn). 

*  Kcchcrchcs  et  remar(|ucs  sur  les  Cycadees.     Coix-nhagcn,  1877. 

*  Loc.  cit. 


434       Lang. — Studies  in  the  Development  and 

the  other  cells  of  the  row,  and  contained  a  single  nucleus. 
It  increases  rapidly  in  size,  and  its  nucleus  gives  rise  to 
a  considerable  number  of  daughter- nuclei,  which  are  situated 
in  a  layer  of  protoplasm  lining  the  wall.  In  a  further  stage 
the  embryo-sac  is  filled  with  the  thin-walled  tissue  of  the 
prothallus;  its  wall  is  thick  and  cuticularized.  Surrounding 
the  large  embryo-sac  in  this  advanced  stage  is  a  layer,  one  to 
three  cells  in  thickness,  which  is  all  that  remains  of  the 
sporogenous  tissue.  This  layer  appears  to  be  of  the  nature 
of  a  tapetal  layer.  It  persists  although  the  cells  outside  it 
are  becoming  crushed  as  the  embryo-sac  increases  in  size,  and 
its  cells,  which  are  frequently  elongated  vertically  to  the  wall 
of  the  latter,  contain  in  many  cases  two  or  three  nuclei.  If 
derived,  as  seems  probable,  from  the  outermost  cells  of  the 
sporogenous  mass,  its  place  of  origin  would  resemble  that 
of  the  tapetum  in  the  microsporangium.  Further  observations 
are  required  on  this  and  other  points,  but  the  brief  account 
given  above  will  serve  to  show  that  Stangeria  agrees  closely 
With  Ceratozamia  or  Cycas  in  the  development  of  the 
embryo-sac. 

Summary. 

1.  The  microsporangia  are  arranged  in  sori,  the  develop- 
ment of  which  is  similar  to  Ceratozamia:  sometimes  the 
sporangia  remain  for  some  time  united  in  pairs. 

2.  The  sporogenous  cells,  usually  four  in  number,  are 
derived  by  periclinal  division  from  cells  of  the  sub-epidermal 
layer.     The  superficial  cells  take  no  part  in  their  formation. 

3.  The  tapetum  arises,  when  the  sporangium  has  attained 
a  considerable  size,  from  the  outer  cells  of  the  sporogenous 
mass.  Previously  the  inner  layer  of  cells  of  the  wall  has 
given  rise  to  a  double  layer  of  cells  which  assume  peculiar 
characters. 

4.  Isolated  cells  throughout  the  sporogenous  mass  undergo 
sterilization. 

5.  The  structure  of  the  epidermal  layer  of  the  wall  and  the 
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mechanism  of  dehiscence  present  close  resemblances  Xf^Angio- 
pteris,     Stomata  are  found  on  the  sjK)ran;;ium. 

6.  In  the  |M)I]en-^rain  two  cells  are  cut  ofl*  from  the  large 
vegetative  cell  before  germination. 

7.  In  the  later  stages  of  development  the  ovule  resembles 
other  Cycads. 


CONCLrsiON. 

Several  obser\Trs '  have  discussed  the  extent  to  which  the 
Cycadaccae  agree  in  the  development  and  structure  of  their 
sporangia  with  the  Marattiaccae  on  the  one  hand,  on  the 
other  with  AngiosfH-rms.  It  uill  therefore  be  unneces.sary 
to  do  more  than  i><>int  out  in  what  res|Kxts  Stauf^eria  shows 
rescmlilances  to  thcM:  two  groups,  deferring  a  more  detailed 
treatment  of  the  subject  until  a  larger  iKxly  of  facts  has  been 
accumulated.  In  thin  |>ai>er  the  microsporangia  alone  will  be 
considcreil. 

1  he  arrangement  of  the  s{>()rangia  in  son  and  the  mode 
<»f  developnu  nt  <»f  the  latter  agreen  closely  with  An^iofteris^ 
and  this  h.i.s  rendered  the  tcrnus  s]>4)rangia  and  sot  us  more 
suitable  th.ui  th<>M*  appli' d  to  the  parts  of  the  stamen  of 
An-ioNj>cims.  ( >n  the  other  hand  the  ori^^in  of  the  s|K>ro- 
genouH  cells  from  the  hy|HHlcrmal  layer  a  tlistimt  epidermis 
In-in^;  present,  is  quite  ditUirnt  from  \ih.it  takes  place  in  any 
VaM  utar  C'lypti'gain  hitherto  investigated,  anil  except  for 
the  small  number  of  s]Hiri»'^enotis  ceII^.  is  Mtnilar  to  their 
origin  in  the  |H»llcn*s.ic  of  an  Angi«i\jK*im.  In  the  present 
iitate  of  niir  knowledge  of  the  detail  •  i>t  the  apiial  meristems 
o(  (  )ia<N  it  is  im|>i>sMl>le  to  pro|M-ily  estimate  the  uei^ht 
to  )m*  a!taihri!  t<i  thi>.  If,  as  Meim«  pi*>bablc,  the  apical 
IIM  f  stem  is  stratidrd'.  no  «iin;^!e  initial  irll  Ikt  n^3  plesctit, 
tlic  ^;i  lu  ral  a^wecmeiit  uliii^h  \\a\  l>ci-ii  found  !•>  exist  IxtMeen 
ttn^  nioilc  i»l   an.tii^Mtiicnt    \A    the  forii.ativc  tissues  and  the 

•  >;  .»      -^t!    •  •     I,      i.  1  <  .Di'i.c«r     J     ;,,;      IaI.    W^.I-^    J*. 
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sab-eptdcrmal  position  cX  die  iporageaous  cells '  would  tend 
to  diminish  the  importance  to  be  attadied  to  this  dificrcitcc 
between  NIarattiaccae  and  Cycadaceae.  It  is  to  be  noted 
that,  though  the  stratifieatioo  of  the  apical  meristcm  was 
unpeifect  in  the  Cycads  tnvest%ated,  the  •tratification  is 
perfectly  definite  in  the  young  ^jorophyll,  the  epidermis 
never  undergoing  perielinal   di^'iskms. 

The  general  agreement  between  the  sporai^ia  of  these 
groups  lends  »-etght  to  this  mode  of  regarding  the  questioa. 
The  resemblance  in  general  form  and  appearance  between 
the  sporan^a  of  Cycads  and  Marattiaceae  has  been  noted 
especially  by  Braun  and  W'arming.  There  are  two  p<MDt5, 
however,  which  deserve  further  notice,  the  or^;in  of  the 
tapctum,  and  the  mode  of  dehiscence  of  the  sporaogiom. 

In  the  Marattiaceae  the  tapetum  arises  normally  from  the 
layer  of  the  wall  adjoining  the  sporogenous  cells,  and,  on 
theoretical  grounds,  a  similar  origin  might  ha\'e  been  expected 
in  the  bulk)'  sporangia  of  Slat^eria.  The  case  has  been 
shown  to  be  more  complex,  howe\'er.  Three  layers  of  ceQs 
around  the  mother-cells  of  the  pollen-grains  are  found  to 
have  undergone  special  changes.  The  innermost  la>'er  is 
derived  from  the  sporogenous  mass,  while  the  other  two 
layers  arise  from  the  cells  of  the  wall  adjoining  it.  Since 
only  the  inner  layer  takes  on  tapetal  characters,  the  tapetum 
has  been  described  as  arising  from  sporogenous  cells.  But 
the  layers  outside,  which  doubtless  contribute  to  the  nutrition 
of  the  spore- mot  her- eel  Is,  may  possibly  represent  a  tapetum 
derived  from  cells  surrounding  the  sporogenous  group,  an 
additional  tapetal  layer  having  arisen  from  the  latter.  This 
explanation  becomes  more  likely  when  it  is  borne  in  mind 
that  other  cells  throughout  the  sporogenous  mass  lose  the 
function  of  spore-produclion,  and  their  substance  aids  in 
the  nourishment  of  the  rest.  The  difference  in  appearance 
of  the  tapetum  from  the  isolated  sterilized  cells  m^y  be 
connected  with  the  additional  function  it  performs  in  virtue 
'  Bower,  Slsdies  in  the  Mutphotoey  of  iiporc-producini;  Members:  Oiihio- 
gluuaccBc,  p.  7. 
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of  its  peripheral  position.  This  view  is  only  advanced  as 
a  possible  way  of  explaining  what  must  be  regarded  as  an 
important  difference  between  the  sporangia  of  Marattiaceae 
and  Cycadaceae. 

The  similarity  in  the  mode  of  dehiscence  is  a  necessary 
result  of  the  similar  development  of  the  epidermal  layer.  It 
is  interesting  on  account  of  the  close  agreement  between 
Stangeria  and  Angiopteris  in  all  the  essential  features  of  the 
mechanism,  and  on  this  account  is  entitled  to  some  weight. 
But,  since  there  is  no  evidence  to  show  whether  the  pre- 
sumable Fern- like  ancestors  of  the  Cycadaceae  possessed 
separate  or  incompletely  separated  sporangia,  it  is  equally 
possible  that  these  resemblances  afford  rather  a  case  of 
parallel  development. 

The  general  conclusion  so  far  as  the  results  recorded  above 
enable  it  to  be  stated  is  that  Stangeria  shows  no  characters  in 
the  development  and  structure  of  its  sporangia  which  can  be 
regarded  as  primitive  in  any  further  sense  than  is  the  case 
for  other  genera  of  the  Cycadaceae.  Some  details,  probably 
common  to  the  other  Cycads,  appear  to  be  shown  more 
clearly  in  this  genus. 


EXPLANATION  OF  FIGURES  IN  PLATE  XXIL 

Illustrating  Mr.  W.  H.  Lang's  paper  on  Stangeria, 

Fig.  I .  Under  surface  of  the  horizontal  portion  of  a  young  sporophyll :  a  group 
of  young  sori  is  present  on  either  side  of  the  middle  line.    Slightly  magnified. 

Fig.  2.  Similar  view  of  an  older  sporophyll.  The  earlier  formed  sori  show 
separate  sporangia :  sori  are  still  in  course  of  development  near  the  middle  line 
and  towards  the  margin  of  the  sporophyll.     Slightly  magnified. 

Fig.  3.  A  group  of  sori  from  a  sporophyll  of  the  same  age  as  Fig.  a,  more 
highly  magnified.  To  the  right  is  a  young  sorus  in  which  no  indication  of  the 
sporangia  is  apparent. 

Fig.  4.  Transverse  section  of  a  young  sorus ;  the  sporangia  are  united  in  pairs. 
JT «  portion  of  sporogenous  cells,     x  80. 

Fig.  5.  Part  of  a  vertical  (radial)  section  through  a  very  young  sorus,  showing 
a  single  sporangium  :  r«sthe  central  point  of  the  sorus  ;  jr;c«*  cells  from  which  the 
sporogenous  cells  will  be  derived,     x  400. 
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Fig,  6.  Verticul  (radial)  section  of  a  slightly  older  soma,  which  shows  two 
»poi3,ngia  in  loedian  «ectiOD  :  Che  spDnigeiiDui  cells  ate  ihailetl.     x  400. 

Fig.  7.  Vertical  section  of  im  older  sporangium,  showing  the  first  periclinnl 
division  of  the  spotogenaas  cells,  which  a.tE  shaded,     x  400. 

Fig.  S.  Part  of  a  transvertc  scclion  of  a  sorus.  The  figure  shows  a  dnglc 
BpoiHUgium  of  about  the  same  nge  as  that  in  Fig.  7 ;  the  sporogenous  group  slill 
consisls  of  fom  cells  (shai3e<l  in  the  fignrc]  as  seen  in  transrerac  section,      x  400. 

Figs.  9,  10,  Vertical  (radial)  sections  of  older  sporangia;  the  sporogcDous 
niBsses  are  shaded.  These  ligntea  illustrate  the  diffeieoce  in  form  ibaC  exists 
between  sporaogia  of  the  same  age.      x  400. 

Fig.  II.  Transverse  section  of  a  sporangium  of  similar  age  to  Fig.  9  ot  ro  : 
the  uporogeDons  tissue,  which  is  ahaded,  can  be  referred  to  the  four  cells  shown  in 
Fig.  8.      X  V>a. 

Kig.  It.  Vertical  radial  section  of  an  older  sporangium  jnsl  before  the  tapctum 
becomes  recogniiablc  ;  Ihe  sporogenous  cells  arc  shaded,      x  300. 

I^'E'  '3'  Tan  of  a  similar  section  of  a  slightly  older  sporonginm,  showing  the 
origin  of  the  la[;etum  from  the  outer  cells  of  the  sporogenous  group.  /  —  lapetuiti , 
the  cells  of  which  are  shaded  ;  ^"sporc^enousoells;  (u  =  iniierparlofsporaiiginlil- 


wall. 


I  400. 


1    Fig.  14.  Spore-molhet-cells,  one  of  which  is  undergoing  sterilization,     x  550. 

I^'E-  ■£■  Verticil,  nearly  radial,  section  of  a  sporangium  containing  isolated 
pollen-grains.  The  taptlnm  is  still  present  as  a  complete  layer  of  cclU  aroand 
the  cavity :  the  cells  of  the  wall  immediately  outside  it  are  crushed  r  /'tapetum. 

Fig.  16.  Part  of  a  vertical  (tangential)  section  thtongh  a  sporangium  of  the 
same  age  as  Fig.  15,  including  the  line  of  dehiscence,  ^-epidermal  layer  of 
thick-walled  celhi ;  /^(npetnm  ;  ^  1  puUen -grains ;  t/^line  of  dehiscence,       x  300. 

Fig.  TJ.  Side  view  of  two  mature  sporangia:  a,  from  the  ouler  row  of  large 
Bporangia ;  b,  from  the  central  sporangia.  The  dots  indicate  the  position  of 
Etomata.    jj-aposition  of  line  of  dehiscence,      x  6. 

Fig.  iS.  Kipe  pollen-grain,  showing  the  v^;etalive  cell  and  the  group  of  two 
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The  Effects  of  Tropical  Insolation. 

BY 

ALFRED  J.  EWART,  D.Sc,  Ph.D., 

Deputy  Professor  of  Botany  in  Mason^s  College ,  Birmingham. 

IN  a  previous  paper'  an  account  has  been  given  of  the 
phenomena  of  assimilatory  inhibition  by  insolation  in 
the  temperate  regions,  in  which  it  was  shown  that  most  plants 
are  resistant  to  ordinary  exposure;  but  that,  in  the  leaves 
of  certain  Phanerogams  and  shade-loving  plants,  by  prolonged 
exposure  to  perpendicular  illumination,  a  generally  temporary 
stoppage  of  COjj-assimilation,  with  or  without  an  accompanying 
more  or  less  complete  decolourization  of  the  chlorophyll- 
corpuscles,  might  be  produced,  whilst  in  certain  Algae,  Chara^ 
&c.,  relatively  short  exposure  might  readily  cause  a  stoppage 
of  assimilation,  generally  accompanied,  however,  by  a  marked 
decolourization  of  the  chlorophyll-corpuscles,  and  if  at  all 
prolonged  being  followed  first  by  the  death  of  the  chlorophyll- 
grains  of  the  part  exposed,  and  finally  by  the  death  of  the 
part  exposed  in  toto^^. 

Advantage  was  taken  of  a  stay  in  the  tropics  at  Buitenzorg, 
Java,  to  corroborate  and  extend  these  observations;  whilst, 
during  a  short  stay  in  Ceylon,  a  number  of  accessory  and 

*  Assimilatory  Inhibition:  Jonmal  of  the  Linnean  Society,  1896. 

*  Loc.  cit.  p.  439 ;  and  Journal  L.  S.,  Vol.  XXXI,  1897,  p.  573, 

[Annalt  of  Botany,  Vol.  XI.  No.  XLIIL  September,  iSgy.] 
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coofirmatory  observations  were  made.  The  methods  em- 
ployed were  the  same  as  those  already  described  in  prOiious 
papers,  the  evolution  or  non-cv^olution  of  oxygen,  as  detected 
by  the  Sactcrium- method,  under  optimal  illumination,  being 
taken  as  a  test  for  the  presence  or  absence  of  the  pom-cr 
of  assimilatioa. 

It  might  at  first  sight  appear  probable  that  tinder  the 
intense  tropical  liunligbt  all  fully  exposed  green  leaves  should 
suffer  considerably ;  but,  as  a  matter  of  fact,  so  lon^  as  the 
plant  is  abundantly  supplied  with  water  and  is  kept  cool 
by  transpiration,  it  suffers  no  more  under  such  exposure  than 
do  plants  in  temperate  ri^ions.  It  may  indeed  be  concluded, 
with  a  fair  amount  of  certainty,  that  practically  in  all  tropical 
plants  which  normally  grow  in  fully  exposed  situations,  pro- 
vided the  leaves  arc  healthy  and  abundantly  supplied  with 
water,  no  assimilatory  inhibition  directly  due  to  insolation 
ever  takes  place  under  normal  conditions  of  exposure.  Thus 
the  healthy  adult  leaves  of  the  following  plants,  after  a  full 
day's  exposure  to  perpendicular  solar  illumination,  were 
RTccn,  fresh,  and  showed  an  active  power  of  assimilation: 
Caryota  maxima,  Bl.,  Mmso  Ensete,  Kentta  McArtktrri, 
/iloiiisia  indUa,  Schott.,  Ai-!abotrys  Bhntici,  Uticarta  stUro- 
phylla,  and  Areca  Catechu,  L. ;  whilst  in  Baukinia,  Caesal~ 
pinia,  Acacia,  and  Dalbergia  linga,  if  the  leaves,  owing  to 
their  paraheliotropic  irritability,  are  allowed  to  droop  or  fold 
together,  no  appreciable  effect  is  produced ;  but  if  they  are 
kept  fully  exposed  to  perpendicular  illumination  they  become 
much  paler  green  in  colour,  are  more  or  less  wilted,  and 
the  power  of  assimilation  is  weakened,  diminished,  or  in- 
hibited, temporarily  or  permanently. 

There  are  a  variety  of  ways  in  which  the  leaves  of  exposed 
tropical  plants  may  be  rendered  capable  of  withstanding 
excessive  insolation.  Perhaps  the  commonest,  though  the 
least  obvious,  is  by  means  of  some  invisible  inherent  oi^anic 
change  or  difference  in  the  chlorophyll-bodies  of  plants 
growing  in  exposed  situations,  as  compared  with  those  fre- 
quenting shady  habitats.     Along  with  this  go  changes  in  the 
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shape  and  position  of  the  palisade-parenchyma  layers,  and  in 
the  thickness,  shape,  and  transparency  of  the  epidermis  and 
cuticle,  adding  to  the  protection  afforded  by  the  apostrophic 
position  assumed  by  the  chlorophyll-grains  of  the  palisade- 
parenchyma  when  the  illumination  is  intense. 

Another  important  mode  of  protection  is  by  the  folding  or 
sinking  of  the  leaves  or  leaflets  when  exposed  to  strong  illumi- 
nation, so  that  their  surfaces  are  parallel  to  the  incident  ray. 
In  leaflets  which  fold  together  and  overlap  one  another,  and 
perhaps  also  to  a  slight  extent  in  leaves  or  leaflets  which 
simply  twist  on  their  axes,  as  a  secondary  consequence  of 
the  change  of  position,  the  amount  of  transpiration  is  more 
or  less  markedly  diminished,  and  it  is  quite  possible  that  in 
certain  cases  this  may  be  an  important  function  of  the 
paraheliotropic  movement. 

Finally,  the  presence  of  a  red  pigment  in  the  leaves  of 
many  plants  must  shield  them  to  a  certain  extent  from  the 
effects  of  too  intense  and  prolonged  illumination. 

It  must  be  remembered  that  the  photochemical  intensity 
of  the  tropical  sun  is  by  no  means  so  great  as  might  be 
supposed,  and  this  is  especially  the  case  in  moist,  damp 
climates,  such  as  those  of  Buitenzorg  (W.  Java)  and  Pera- 
deniya  (S.  W.  Ceylon),  in  which  the  moisture  causes  an 
absorption  more  especially  of  the  photochemical  rays.  In 
a  recent  research  Wiesner^  has  shown  that  the  greatest 
chemical  light-intensity  observed  at  Vienna  was  1-5  units,  and 
at  Buitenzorg  not  more  than  i«6i2  units,  whilst  the  daily  total 
amount  in  Buitenzorg  during  November  and  December  is 
equal  to  that  in  August  in  Vienna,  and  the  total  amount 
daily  in  January  at  Buitenzorg  is  equal  to  that  in  June  in 
Vienna,  the  greater  intensity  of  the  tropical  light  being 
counterbalanced  by  the  shorter  day. 

In  several  more  or  less  shade-loving  tropical  plants,  how- 
ever, prolonged  exposure  to  perpendicular  illumination  ^  pro- 

*  Wicsner,  Untcrsuchung  liber  das  Photochemischc  Klima  von  Wien,  Buitenzorg, 
und  Kairo :  K.  Akad.  d.  Wiss.  in  Wien,  July,  1896. 
'  The  necessary  daily  periods  of  uninterrupted  sunlight  were  obtained  in  Java 
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duces  a  distinct  effect  upon  the  power  of  assimilation  which 
may,  if  the  leaf  be  sensitive  and  the  exposure  very  severe  and 
prolonged,  result  in  a  permanent  stoppage  of  assimilatioa, 
folSowed  by  the  death  of  the  leaf,  wholly  or  in  parts  only. 
In  all  cases,  after  prolonged  exposure,  the  leaf  is  paler  than 
normal,  and  may  become  browned  [Cocculus  Beccari,  &c.).  or 
in  some  cases  almost  colourless  (greenish  or  yellowish  white, 
Pisonia,  Selaginefla).  After  being  examined,  the  plants  are 
kept  well  shaded,  and  from  time  to  time  fresh  portions  of  the 
still  attached  leaves  are  examined,  this  method  being  neces- 
sarily adopted  on  account  of  the  difficulty  of  obtaining  perfect 
recovery  in  isolated  parts. 


Coeeulus  Beccari.  Exposed  from  6  a.m.  to  4  p.m.  Many  leaves, 
especially  ihe  older  ones,  more  or  less  yellowish  or  brownish  cniirely 
or  in  patches,  Young  adult  leaves  show  weak  assimiliilion,  chiefly  in 
spongy  mesophyll,  older  leaves  none  or  very  weak.  In  one  day 
assimilation  active  in  young  leaves,  in  older  leaves  weak  to  moderately 
acrive,  in  yet  others  not  perceptible,  though  leaves  have  not 
become  perceptibly  greener.  After  full  eitposure  for  three  to  four 
days,  many  older  leaves  are  quite  yellow,  youni^er  leaves  green  in 
parts  and  show  none  or  very  weak  assimilation.  Next  day  weak 
to  moderately  active  assimilation  in  younger  leaves,  older  yellowish 
leaves  none.  Of  latter  many  do  not  recover,  although  they  may 
remain  living  for  several  days,  the  younger  leaves  finally  become 
almost  without  exception  quite  green  and  normal  again. 

Pisonia  alba,  Sparr.  Plant  exposed  for  several  da>-s.  Leaves  from 
almost  quite  white  to  yellow  or  yellowish  green  :  latter  faint  to 
moderately  active'  assimilation.  After  thirty  hours  in  faint  diffused 
daylight,  former  leaves  faintly  green  and  show  weak  assimilation. 
!n  three  to  four  days  leaves  all  deep  green  to  yellowish  green  and 
assimilation  active.  In  the  quite  white  leaves  the  chlorophyll-grains  are 
almost  colourless  and  difficult  to  distinguish.   Such  leaves  do  not  become 


towards  the  dose  of  the  dry  Mason  of  1896  and  daring  var 
daring  Ihe  wet  scnson  of  1896-7,  Ihe  S.  W.  monsoon  of  ibis  period  being  unusnalljr 
well  favoured  in  this  ivspect.  A  few,  chieHy  physical  and  biological,  obserrationa, 
were  macie  in  Ceylon  during  the  dry  period  in  the  spring  of  1S97  between  Ibe 
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fully  green  for  from  seven  to  ten  days.  Young  but  adult  leaves  exposed 
for  ten  hours  to  perpendicular  rays  are  pale  green  to  yellowish  green, 
assimilation  absent  or  faint  in  parts.  Next  day  leaves  slightly  greener, 
assimilation  weak  to  moderately  active.  Similar  leaves  exposed,  but 
layer  of  cold  water  interposed,  show  the  same  colour  as  before, 
assimilation  absent,  or  in  parts  weak  to  moderately  active;  in  some 
leaves  weak  assimilation  in  all  parts :  recovery  as  before. 

Dmdrobium  crumenaium^  Lindl.  Plants  exposed  to  perpendicular 
rays  from  6  a.m.  to  4  p.m.,  assimilation  weak  or  absent;  leaves 
slightly  paler  and  yield  weaker  chlorophyll-extract  than  equal  weight 
of  shaded  leaves.  If  part  of  one  leaf  is  covered  by  paper  or  tinfoil, 
at  end  of  exposure  it  is  distincdy  fresher  and  greener,  and  shows 
moderately  active  assimilation,  rest  of  leaf  weak  or  none*  Next  day 
nearly  all  leaves  are  living,  normal ;  assimilation  is  moderate  to  quite 
active.  In  a  few  leaves  assimilation  is  weak  or  in  parts  absent,  these 
leaves  in  a  few  days  turn  yellow  and  die. 

Selaginella  sp,}  Exposed  for  some  days,  leaves  turn  quite  pale, 
and  become  when  shaded  green  again.  One  day's  exposure  causes 
a  distinct  fading;  and  many  leaves  on  the  exposed  side,  though  green 
to  pale  green  or  yellowish  green,  show  weak  or  no  assimilation  in  parts 
or  entirely.  If  the  half  of  the  leaf  only  is  used,  the  corresponding 
half  next  morning  may  show  a  fairly  active  power  of  assimilation. 

Drymoglossum  piloselloides^  Prsl.  After  ten  hours,  exposed  vegeta- 
tive leaves  slightly  paler ;  chloroplastids  normal  and  with  abundance 
of  starch ;  assimilation  weak  or  absent ;  in  partially  exposed  leaves 
with  similar  abundance  of  starch,  fairly  active.  Next  day  assimilation 
moderate  to  quite  active,  but  in  a  few  leaves  none.  The  latter  may 
in  some  cases  remain  living  for  several  days  without  regaining  the 
power  to  assimilate ;  they  slowly  turn  pale  yellow  or  brownish  yellow, 
and  finally  die.  A  weak  power  of  assimilation  may  return  to  the 
preparations  previously  examined  if  they  are  kept  in  a  drop  of  water 
in  a  damp  chamber. 

Adiantum  cuneatum^  Lug.  and  Fisch.  and  A,  assimile,  Sw.  After  six 
hours'  exposure,  assimilation  faint  or  absent.  Leaves  paler  and  some 
may  not  recover ;  the  rest  in  one  day  show  fairly  active  assimilation. 

A,  rhodophyllutn.  Leaves  thicker,  stouter,  and  more  resistant.  After 
eight  hours  the  leaves  are  paler  than  normal,  and  show  weak,  or  in 
some  cases  almost  imperceptible  assimilation ;  next  day  active  again. 
If  the  leaves  are  old,  assimilation  may  be  absent  after  eight  hours' 
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exposure  and  not  reium.  Young'  leaves  arc  red  lill  half  grown,  and 
show  Dormally  « cak  to  moderately  active  assimilation ;  but  after  sis 
lo  eight  houre'  exposure  weak  or  none,  assimilaiion  in  some  cases  not 
returning,  but  in  otliers  in  one  day  being  normal  again. 

The  experiments  with  Dmdrobium  show  that  localized 
exposure  produces  a  purely  localized  effect.  With  the  stoppage 
of  assimilation  a  change  of  colouration  is  generally  asso- 
ciated, but  is  not  an  essential  accompaniment  thereto,  for 
the  power  of  assimilation  commonly  returns  before  any  per- 
ceptible regeneration  of  the  original  intensity  or  sliadc  of 
colouration  takes  place.  The  results  obtained  with  Pisonia 
alba  indicate  that  the  effect  produced  is  a  photo-chemical  one. 
and  is  not  primarily  due  to.  though  it  may  undoubtedly  be 
aided  by,  the  heating  effect  of  the  sun's  rays,  the  latter  being 
the  case  whenever  the  leaf  becomes  at  all  wilted.  It  vcr>' 
commonly  happens  that  when  a  leaf  is  exposed,  the  shaded 
side  may  retain,  especially  if  the  leaf  is  a  thick  one,  a  distinct 
power  of  assimilation,  even  though  the  palisade- layers  com- 
posing the  upper  exposed  surface  are  almost  fatally  affected. 
If  a  bifacial  leaf  is  exposed,  under  surface  upwards,  it  is  much 
more  likely  to  be  fatally  affected  than  when  in  the  normal 
position. 

Thick  fleshy  leaves  do  not  wilt  when  exposed  for  prolonged 
periods;  but,  owing  to  the  relatively  slight  amount  of  tran- 
spiration of  which  they  are  capable,  they  are  very  liable  to  be 
overheated  by  the  absorption  of  the  solar  heat-rays.  Thus  in 
Hoya  fralcrna  the  insolation-temperature  of  the  leaf  is  about 
45"  C,  occasionally  rising  to  over  50°  C.  The  temperature  was 
measured  by  suddenly  bending  the  leaf  around  and  pressing 
it  against  a  dehcate  thermometer  which  was  originally  a  little 
below  the  expected  temperature.  Since  the  general  optimum 
temperature  for  assimilation  probably  lies  between  25°  C.  and 
,35°  C.,  steadily  diminishing  from  40°  C.  onwards,  until  at  50'  C. 
or  thereabouts  the  maximal  temperature  is  reached  *,  it  follows 

;    Joumtl   of  Linnean   Society,   1S96,   pp.   3S5 


Ewart, —  The  Effects  of  Tropical  Insolation.     445 

that  the  leaves  of  such  plants  as  Hoya,  though  probably  their 
resistant  powers  in  this  respect  are  above  the  normal,  have, 
when  fully  insolated,  their  assimilatory  powers  largely  dimin- 
ished by  the  high  temperature  which  they  attain,  and  may, 
when  subjected  to  prolonged  exposure,  have  their  power  of 
assimilation  temporarily  or  permanently  affected,  partially  or 
mainly  from  this  cause  alone.  This  is  the  case  in  the  following 
experiments. 

Vanilla  aromalica.  After  ten  hours'  exposure,  leaves  paler  green ; 
yield  weaker  extract  of  chlorophyll  than  normal ;  assimilation  weak 
or  absent  in  palisade-parenchyma,  weak  to  nearly  normal  in  spongy 
mesophyll.  Next  day  assimilation  active,  except  in  few  parts  where 
faint  or  absent,  the  latter  finally  dying.  Preparation  difficult  owing 
to  presence  of  mucilage  and  raphides.  Full  insolation-temperature 
is  about  40°  C,  occasionally  rising  to  45°  C. 

Hoya  fraterna.  Similar  results  to  those  with  Vanilla^  but  the 
inhibition  is  more  complete ;  the  leaf  is  pale  green  to  pale  yellowish 
or  brownish  green,  and  in  latter  cases  none  or  only  a  partial  recovery 
takes  place.  Insolation-temperature  45°  C.  occasionally  rising  to  50°  C. 
Leaves  in  exposed  situations  soon  become  yellowish,  and  assimilation 
is  weak  or  absent.  If  kept  in  weak  diffuse  daylight,  provided  the 
change  of  colouration  was  not  too  pronounced,  they  become  green 
again  in  one  to  two  weeks,  but  show  active  assimilation  long  before 
this. 

A  cut  stem  of  Vanilla^  4  ft.  long,  left  entirely  without  water, 
remained  living  for  a  long  period  of  time,  the  power  of 
assimilation  in  the  leaves  being  after  one  week  fairly  active, 
after  two  faint,  and  after  three  absent.  But  in  the  last  case,  on 
placing  such  a  leaf  with  the  cut  surface  in  water,  after  two 
days  a  weak  power  of  assimilation  was  shown.  The  stem  and 
leaves  began  to  wilt  basally  upwards  after  six  weeks  ;  after  the 
seventh  week  a  small  leaf  and  root  produced  at  the  apex  after 
separation  from  the  parent  plant  ceased  to  grow ;  the  leaves 
were  thin  and  shrunken,  the  cells  in  the  basal  leaves  dead 
and  unplasmolysable,  though  the  colour  was  but  little  altered. 
After  ten  weeks  all  the  leaves  are  dead.     Vanilla  is  therefore 
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very  resistant  to  drought,  aod  any  efTecte  produced  by  insola- 
tion arc  not  due  to  any  excessive  loss  of  water,  but  to  the 
heating  and  photochemical  effect  of  tiie  sun's  rays. 

In  the  young  green  leaves  of  Hoyafratema,  when  i  to  f  fill! 
.  minute  starch -grains  are  present  in  the  diloropbyll- 
curpuscks,  and  later,  seven!  latter  ones  are  present  in  each; 
but  it  is  only  after  the  leaf  is  adult,  and  has  been  activdjr 
assimilating  for  some  time,  that  tfie  characteristic  lai^  oil- 
drops  (soluble  in  ether  and  turning  brown  with  osmic  acid) 
appear  in  the  assimilating  cells.  If  sudi  leaves  are  kept  in 
darkness,  in  five  days  the  oil-drops  disappear  in  almost  all 
the  cells,  but  the  starch  is  not  perceptibly,  or  only  very 
slightly,  diminished  in  amount,  whilst  in  ten  to  fifteen  days 
almost  every  trace  of  starch  has  also  disappeared.  The  proto- 
plasm  hence  first  absorbs  and  uses  up  the  stored  oil,  and  later 
the  chlorophyll-grains  yield  up  to  it  their  stored  carbohydrate. 
The  slower  disappearance  of  the  starch  is  not  due  to  the 
chlorophyll -grains  being  sick,  for  on  examination  after  fifteen 
days  in  darkness  a  fairly  active  power  of  assimilation  is  shown. 
Xxi  Dicratnini  scopariiim^Musa,  I'aucAeriOy&c  ,tiic  assimilatory 
products  are  at  once  converted  into  oil,  starch-grains  appearing 
in  the  chloroplastids  only  when  a  superabundance  of  assimi- 
lated material  is  formed.  In  Hoya,  on  the  other  hand,  oil  is 
formed  only  when  an  excess  of  assimilated  material  is  present ; 
it  is  the  last  to  appear  and  the  first  to  disappear.  This 
peculiarity  enables  an  interesting  corroboration  to  be  made 
of  the  results  already  obtained  with  Hoya.  Thus  in  leaves, 
in  which,  without  any  fatal  injury  being  inflicted,  the  power 
of  assimilation  is  inhibited  or  reduced  to  a  minimum  by 
continued  over-exposure,  the  oil  originally  present  may 
entirely  or  almost  entirely  disappear. 

In  a  previous  paper'  it  has  been  shown  that  any  agency 
which,  when  applied  in  intense  or  concentrated  form,  directly 
inhibits  or  prevents  assimilation  from  taking  place,  may,  when 
the  application  thereof  is  much  weaker  but  prolonged,  gradually 

'  Loc.cil.,  Jonraal  ofl.innean  Society,  1896,  pp.  J64,  461. 


Ewart. —  Tiu  Ejfuls  of  Tropual  Insolation.     447 

ioducc  in  the  chloropListid  a  condition  characterized  by  a  tem- 
porary inability  to  assimilate.  Thus  when  chloroplastids  are 
subjected  for  prolon^cii  |K.Ti(KU  to  illuminatitin  by  sunlight 
of  natural  intensity,  though  at  first  they  continue  to  assimilate 
normally,  their  |><)\vcr  of  performing  CC);j-assimilation  is  finally 
more  or  less  markcilly  inhibited.  Pringshcim'  has  shown  that 
chloroplastids  when  cx|K>scd  to  intense  and  concentnitetl  sun* 
hght  are  killed  and  bleached  only  when  oxygen  is  present. 
When  subjected  to  such  ex|M)sure  in  an  atmosphere  formed 
by  an  a.Hsiinilatory  mixture  of  hydrogen  and  CO.  the  chlonw 
plastids  remain  green.  It  follows,  therefi»re.  that  when  ex|>osed 
to  concentrated  sunlight,  no  assimilation  of  CO,  or  evolution 
of  «ixygen  takes  place.  Hence  there  ap|)ears  to  be  a  maximal 
intensity  of  illuminati«m  at  which  the  .synthetic  assimilatory 
processes  are  inhibitetl  and  cease,  being  fin;dly  replaced  if 
a  supply  of  oxygen  be  present  by  katabolic  oxydatory 
changes.  I'his  ap|>ears  to  be  in  analogy  with  the  general 
law,  exemplified  more  es|>ecially  in  the  effects  of  temperature 
u^xMi  the  combustion  of  gases,  that  o^nbinations  between 
substances  taking  place  at  a  relatively  low  temi>erature  tend 
to  be  less  and  less  complete  as  the  tem|H:rature  incrc.ucs,  and 
finally  may  be  replaced  t>y  dissiHriatory  changes  taking  place 
in  the  reverse  diiection. 

TkMU^TiM    Movimf.ntn  iiv  iiii:  Lkams  i»k  I.kafi.kts. 

( >f  thr  vaiit'us  ni<Nlrs  !)y  iiirans  of  which  tropical  plants 
pr«*ttit  tlu*in««cl\is  .igaifut  the  injiiriou<i  elhits  of  over* 
t\|M>HUir  to  sun!i^;ht.  |»i*rhaps  the  in<ist  iiitrii'stifig  and  c«>m- 
iii'iit^t  i>  by  nuMiiN  oi  active  or  pasMvc  m«»viiiirnis  of  the 
Ir.ivi  H  It  may  1h*  stated  a^  a  j^;*  mral  rule,  t<»  uhich 
a]»,>.ii(  iitiy  thifi  air  n<i  tXic-pti^n^.  th  it  n**  tr«>pual  plant 
|iI.uc-N  <'r  .il.dAN  it;i  li  i\r\  t«»  U  i!i  such  a  p>Mti-'n  that  the 
iij'pri  Miit.iiC^  in  at  ii^;lit  .in.;!i  ^  to  t))e  sfft's  itu  uUnt  ra)  i 
uhi  It  .it  tilt  /i  it.th  111  ii;«i^t  r\|»<i-4-*l  tr*»;«i«  al  ]i!a!itv  III  uhich 
tlu  lra\i*>  01  !tai-  \,\W^  \\\r  n-  t  >tilt  and  iijjd,  the  leaver  at 
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midday  assume  a  more  or  le=s  drooping  position  when  exposed 
to  full  insolation,  this  being  due  in  the  majority  of  cases  not 
to  any  active  movement  of  the  leaf  or  leaf-stalk,  but  to 
a  general  diminution  of  turgidity,  the  somewhat  flaccid  leaf- 
stalk or  leaf-base  allowing  the  leaf  in  virtue  of  its  own  weight 
to  assume  a  more  or  less  pendent  position.  In  a  large  number 
of  cases,  especially  in  the  Leguminosac,  the  movements  arc 
not  passive,  but  are  active,  the  leaves  or  leaflets  being  para- 
heliotropic;  i.e.  when  exposed  to  intense  illumination  place 
themselves  parallel  to  the  incident  ray. 

This  phenomenon  has  already  been  described  by  a  number 
of  obser\'er3,  but  many  details  are  still  unsolved.  Thus  the 
relative  irritability  of  the  different  parts,  the  intensity  of  light 
forming  a  minimal  and  an  optimal  stimulus  for  movement,  the 
relative  efliciency  of  light  of  different  colours,  whether  the 
position  assumed  bears  any  relation  to  the  direction  of 
the  incident  ray,  and  whether  it  is  the  leaf  which  perceives 
the  stimulus  and  transmits  it  to  the  motile  pulvinus,  or 
whether  the  latter  only  is  sensitive,  being  both  the  motile  and 
the  percipient  organ,  are  all  points  requiring  an  experimental 
answer. 

Mimosa  pudica  perhaps  affords  the  most  favourable  subject 
for  the  experimental  study  of  these  questions,  owing  to  its 
marked  irritability  and  sensitiveness,  and  to  its  being  one  of 
the  commonest  weeds  in  both  Buitenzorg  and  Peradeniya. 
A  curious  and  interesting  fact  at  once  brought  to  light  is  that 
the  pulvini  of  the  primary  and  secondary  leaves  are  affected 
differently  to  the  pulvini  of  the  leaflets.  Thus  the  leaf  of 
M.  pudica  reacts  as  a  whole  to  the  directive  influence  of  sun- 
light, the  movements  of  the  pulvini  being  such  as  to  place  the 
leaf  as  nearly  as  possible  at  right-angles  to  the  incident  rays, 
if  the  illumination  is  sufficiently  strong.  In  diffuse  daylight 
the  entire  leaf-system  is  horizontally  expanded,  but  in  the 
morning  and  late  afternoon,  when  exposed  to  obliquely  falling 
sunlight,  the  leaf-system  sets  itself  as  far  as  possible  at  right- 
angles  to  it,  the  main  petioles  and  secondary  axes  twisting  or 
bending  so  that  their  upper  surfaces  face  the  sun.    The  leaves 
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pointing  towards  the  sun  remain  nearly  horizontal  or  bend 
slightly  downwards ;  those  pointing  away  from  the  sun  rise 
upwards,  and  may  become  nearly  vertical  if  the  sun  be  low 
down  Init  strong;  and  unclouded.  The  axes  of  the  leaves  to 
ri^ht  and  left  remain  horizontal,  but  twist  so  as  to  face  the 
sun,  chiefly  at  the  secondar>'  petiular  and  |>artly  at  the  main 
puKini.  The  pulvini  of  leaves  in  an  intermediate  position 
partly  twist  and  partly  bend  in  setting  the  leaf  axes  in  their 
pri»|)cr  |>osition. 

The  pulvini  of  the  leaflets  rcNpond  in  a  ver>'  diflcrent 
manner.  When  e.\|H)sed  to  strong  and  direct  illumination, 
they  cause  the  leaflets  to  rise  up  and  fohl  more  or  less  com- 
pletely together,  thus  setting  the  surfaces  of  the  latter  |Kirallcl 
to  the  incident  ray;  uhen  the  light  is  weak  or  ditTuse  they 
cause  the  leaflets  to  expand  horizontally.  The  pulvini  of  the 
leaflets  ap)>e.ir  to  Ixr  somewhat  more  irritable  at  from  K  to 
12  a.m.  than  they  are  later  in  the  day.  The  leaflets  com- 
mence t«)  rise  up  a  second  or  two  after  the  sun  falls  u|Min 
them,  and  in  a  half  to  one  minute  under  favourable  conditions 
have  risen  up  their  full  amount.  Owing  |>erhaps  to  the  slightly 
lesvcfud  mechanical  moment,  the  secondary  |H*tioles  may  also 
riMC  up  sli'^htly,  but  this  \%  vMin  re.uljuHtcii.  If  the  leaflets  arc 
sha«le<l  after  short  ex)M»!»ure,  they  become  fully  re-ex|andcd 
in  Ifuin  one  !•»  three  minutes.  <  >ct  anionaliv  the  re.ictions  are 
neaily  twue  as  r.ipul  .is  the  alH«\e,  uhiUt  after  pr  »l«»n^ixl 
e\po!iiirc  the  re  r\p.inNi'»n  may  t.ike  pl.i.e  mote  »!«i\%ly.  If 
the  stiiiiiilits  IS  remi»ve<l  Ix-forc  the  reactuMi  \s  coinpU'tc.  the 
i(sji.nse  CMiitinUf^  for  a  short  time  in  the  tui^in.il  direction, 
iMtth  .1  I.it<  nt  |MTi  <d  and  aw  aftir-itTtct  Im  tn^  ilearly  shoun. 
A  NMiex  if  *itiinu!i  of  short  dur.iti<'n  m.iy.  o\%ui^  t«>  the  rxist- 
ir.ic  *•{  A  Lilenl  |Kri«»d,  Im-  !«ufnfii.ite«i  avuK  pr«H!uce  a  re"*p»>nsc. 
'I  hus.  s^Ii\C'»^l\r!y  r\|MiMii^;  t"  llir  sun  !or  two  src^nils  and 
lh«n  sh.niin/  !■!  tuo  scvo:u!-»  rmaliv  h-im-h  the  IcU  to  hm-  up 
Uf  .111)  t'»  the  tiiil  amtiunt.  thfU^di  it  takes  a  longer  time  tor 
the  fn«iVi  im  r.t  !■•  be  coiupletei!.  Il  .titer natr!>  l»»i  two  Nr«.4>nds 
in  suiili^;ht  .iMil  lour  M^ond^  in  ^ha  Ic.  the  leaflet  rises  up, 
thoii/li  oiiU  lliio^'/h  alniut  i  \    t<»  X^.  .     If  alleiiiatcly  lor  one 
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second  in  sunlight  and  ten  seconds  in  shade,  the  leaflets  remain 
fully  expanded. 

The  angle  which  the  leaflet  assumes  is  nicely  graduated  to 
the  intensity  of  the  h'ght  to  which  it  is  exposed.  Thus  in  only 
moderately  strong  sunlight  the  leaves  rise  up  through  an 
angle  of  from  30°  to  50',  in  weak  sunlight  from  15°  to  30* ; 
whilst  if  the  sun  is  so  shaded  by  clouds  that  it  can  barely  cast 
a  perceptible  shadow,  the  leaflets  rise  up  a  few  degrees  only. 

When  the  sun's  rays  fall  somewhat  obliquely,  but  not 
sufficiently  so  to  cause  the  plane  of  the  entire  leaf  to  readjust 
itself  at  right  angles  to  the  direction  of  the  incident  ray,  in  the 
leaves  the  axes  of  which  cross  the  sun's  rays  to  right  or  left, 
the  further  row  of  leaflets  appears  to  rise  up  more  than  the 
nearer  one,  so  that  in  each  pair  of  leaflets  the  angles  made 
between  the  incident  ray  and  the  distal  portion  of  each  leaflet 
is  the  same,  the  leaflets  apparently  responding  to  the  directive 
action  of  the  incident  ray.  This  appearance  is,  however,  really 
due  to  the  twisting  of  the  secondary  petiole  setting  its  dorsal 
surface  directly  facing  the  sun,  for  as  a  matter  of  fact  both 
sets  of  leaflets  move  through  the  same  angle  in  relation  to 
a  perpendicular  line  falling  between  them  on  the  petiolar  axis 
to  which  they  are  attached. 

In  the  quite  young  unopened  leaflets  naturally  no  sensitive- 
ness to  sunlight  can  possibly  be  perceived ;  but  in  young 
opened  leaflets  of  about  two-thirds  the  normal  size  the 
sensitiveness  is  even  more  marked  than  in  adult  leaflets,  the 
former  folding  up  when  exposed  to  light  of  less  intensity  and 
expanding  fully  horizontally  only  when  very  completely 
shaded. 

After  prolonged  exposure  to  unbroken  sunlight  for  six  to 
eight  hours,  the  leaflets  are  all  completely  folded,  and  re-expand 
in  the  shade  only  very  slowly.  The  petioles  are  generally  in 
a  more  or  less  drooping  position,  the  loss  of  water  by 
transpiration  in  spite  of  the  folded  position  of  the  leaflets  hence 
having  been  excessive.  The  leafli;ts  show  a  rather  weak 
power  of  assimilation,  which  is  in  some  cases  barely  per- 
ceptible, but  becomes  normal  again  over  night. 
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If  a  layer  of  cold  water  is  interposed  between  the  sun  and 
the  exposed  leaves,  the  leaflets  rise  up  as  usual  but  not  quite 
so  markedly  ('^  to  10'  less),  the  diflcrence  being  due  probably 
to  the  slight  loss  by  refraction  and  dis|)ersion  as  the  light 
passes  from  the  air  through  the  optically  denser  medium  and 
out  again.  If  sheets  of  coloured  glass  are  interposed,  in  all 
cases  the  leaflets  do  not  rise  up  so  much  as  when  exposed  to 
direct  sunlight ;  under  blue  glass  the  diflerence  being  least, 
under  yellow  more,  and  under  red  glass  most  marked.  When 
ex|ioscd  to  intense  sunlight  under  blue  glass  of  not  too  great 
thickness,  the  leaflets  may  fold  up  nearly  to  their  full  extent ; 
whilst  when  a  double  layer  of  thick  red  glass  b  interposed 
they  may  ex|>and  fully  horizontally.  Sachs  and  Ikrrt  have 
shown  that  in  red  or  yellow  rays  from  light  of  only  moderate 
intensity  the  leaflets  fold  together,  assuming  the  nyetitropic 
|M»sition,  whereas  in  the  blue  rays  from  light  of  similar  intensity 
they  remain  ex|>anded.  Hence  when  the  blue  rays  arc  weak 
or  absent  the  leaflets  fold  together,  and  when  the  rays  are  too 
intense  they  again  fold  together.  It  b  obviously  an  advantage 
that  the  blue  rays,  when  too  intense,  should  cause  the  leaflets 
to  fold  t(»gcthcr  and  hence  be  protected  from  excessive  |>hoto> 
chi  mical  action  ;  but  th.it  blue  li^ht  <if  only  moderate  intensity 
sliould  cause  the  leaflets  to  |uss  from  the  nyetitropic  into  the 
exfundcd  |M»ition  is  only  accidentally  and  indirectly  an 
aciv.int.ige.  owin^  to  the  fact  that  under  normal  ex|M>Hurc  tlie 
intensity  of  the  blue  rays  is  a  sulfuirntly  accur.ite  mcuurc 
f(»r  the  pl.mt  of  the  inteiiMty  «>1  the  accoin|Mnying  rayi 
aliNottKil  by  the  chl<iin|>hyll  .ind  used  in  assimilation.  The 
liMflcts  frs|M)nd  not  to  the  he.it  but  to  the  li^ht-f.iys  of 
the  sun,  and  til  the%e  ra>s  it  is  the  nioie  refrangible  *chcniicar 
"  rays  winch  are  m«ist  irUctive. 

The  following  eX|M'tiinctit»  slitm  dearly  that  not  only  is 
the  piiUinvM  the  motile  «>r*,;in.  but  it  is  uImi  the  irritable 
|K-ric.|»tivc  or^\in  .iti«!  dircttly  res|N>iids  tt»  the  >liifuilu%  exertid 
by  a  ih.ii^;e  in    tlu    tntiiiMt)    nl  (he  illiiiniiiati«»n,  the  leaflet 
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ilself  playing  a  perfectly  passive  part.  If  a  well- defined  strip 
of  shade  is  thrown  on  the  median  portion  of  the  secondary 
leaf,  covering  all  the  pulvini  but  leaving  the  leaflets  exposed 
to  full  sunlight,  in  from  two  to  four  minutes  the  leaflets  all 
become  horizontally  expanded.  If  now  the  leaflets  are  shaded 
but  the  pulvini  exposed  to  sunlight,  the  leaflets  assume  the 
full  sunlight  position  in  from  one  to  two  minutes.  If  the 
leaflets,  or  the  pulvini  only,  over  a  portion  of  a  secondary  leaf 
are  shaded  or  exposed  to  sunlight,  this  part  only  responds. 
If  the  leaf  is  in  the  sunlight-position  it  is  the  basal  part  which 
should  be  shaded  ;  but  if  the  leaflets  arc  fully  expanded  it  is 
the  terminal  part  of  the  secondary  leaf  which  should  be  ex- 
posed to  sunlight,  as  otherwise  the  overlapping  non-moving 
leaflets  interfere  with  the  movement  of  the  irritated  portion 
and  prevent  the  formation  of  the  sharp  line  of  demarcation 
between  the  shaded  expanded  and  exposed  folded  portions 
which  would  otherwise  be  produced. 

When  the  pulvini  alone  are  shaded,  it  takes  from  a  half  to 
one  minute  longer  for  the  leaflets  to  become  fully  expanded 
than  it  docs  when  the  entire  leaf  is  shaded.  If  the  pulvini  of 
the  basal  pair  of  leaflets  be  shaded,  the  leaflets  expand 
horizontally  and  remain  so  even  though  the  whole  of  the  rest 
of  this  pair  of  leaflets  and  of  the  entire  leaf  is  exposed  to 
full  sunlight.  Similarly  if  one  pulvinus  only  is  shaded,  that 
leaflet  only  to  which  the  shaded  pulvinus  belongs  becomes  or 
remains  expanded.  The  same  is  the  case  with  a  single  leaflet 
or  pair  of  leaflets  in  all  parts  of  the  leaf,  but  they  become  or 
remain  expanded  only  as  far  as  the  overlapping  leaflets  will 
allow. 

If  the  sunlight  be  intense  and  the  shadow  thrown  on  the 
pulvini  narrow,  the  amount  of  reflected  light  that  reaches ' 
the  pulvini  may  be  sufficient  to  cause  them  to  retain  a  slight 
angle  (5°  to  10°)  with  the  horizontal.  The  interposition  of 
a  strip  of  red  or  j^llow  glass  between  the  pulvini  and  the  sun, 
causes  them  to  expand  nearly  fully  horizontally,  whereas  if 
a  strip  of  blue  glass  is  interposed,  they  remain  nearly  com- 
pletely folded  together.     If  the  leaflets  are  completely  shaded 
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from  above,  but  some  illuminatcti  frum  beneath  by  sunlif^ht 
reflected  fn>m  flat  mirrors,  the  leaflets  the  pulvini  of  which 
are  illuminated,  rise  up.  the  others  remainio};  horizontally 
ex|Kinded.  If  the  li^^ht  is  somewhat  concentrated  by  means 
of  a  plano-conctive  mirror,  the  leaflets  re-act  nearly  as  actively 
and  rise  up  nearly  as  much  as  when  exposed  to  direct  sunlight 
falling  from  above. 

Light  therefore  exercises  no  directive  influence  upon  the 
pulvinus  of  the  leaflet ;  it  is  only  a  change  in  the  intensity  of 
the  illumination  which  acts  as  a  stimulus,  the  movement 
always  Liking  place  in  the  same  direction  no  matter  how  the 
light  falls  Ufion  the  pulvinus,  and  the  angle  through  which 
the  leaflets  move  being  defK-ndcnt  U|x>n  the  intensity  ul  the 
stimulus. 

As  is  uxll  known,  when  the  intensity  of  the  light  to  which 
the  plant  is  exi>osed  falls  below  a  given  intefisity,  the  leaf 
assumes  the  nyctitropic  |Kj>sition  ;  the  primary  and  secondary 
|K-tii»les  drooping  uhilst  the  leaflets  rise  up  and  fold  together. 
When  the  evenings  are  bright  and  cloudless,  the  leaves  begin 
to  close  in  the  tntpics  after  '^  p.m  ,  and  by  5.,)o  p.m.  arc  quite 
cliiscd,  a  ri»u^h  calculation  showing  that  they  thereby  l4»%e 
alxnit  the  c(|ui\alent  of  five  to  ten  minuter*  bright  midday 
illuininatiiin  for  avsimilatrng  purfhiMrs.  which  is  a  trifling  and 
|K:rhapH  negligible  amount.  The  lolding  tfigether  of  the 
leaflet>,  aliMig  \%ith  the  diinini?%hcd  tcm{>craturc  and  cl«»surc  of 
the  ht<*in.ita,  lK*siiles  hindering  t>r  preventing  a^Mnnlatioii,  .iN*) 
inter p  ses  a  marked  cluxk  u|>«in  transpiration,  cauMiig  the 
plant,  .uul  more  cs|K*cia!ly  the  pulvinus.  to  lie  tcn)|H)raiily  in  an 
e\en  more  hi|.;hly  turgid  condition  than  is  niHiiiaily  the  ia.HC. 
If.  Hhen  the  lull  n>clitropic  |M>Mti«*n  has  txxn  a^umed.  the 
nam  pulvinun  of  tlie  leal  is  stimulated  by  ttnithing  the 
M-nNituc  haifN  «m  its  under  sur'-.i^e,  it  give^  a  marked  res{»>«nar, 
aiul  the  turgidit)  ot  the  up|M'r  suilace  i>l  the  puixina^  may  lie 
St»  iiuii  h  guater  than  that  «»f  the  stimulated  and  oii^inally 
%  oil  vex  Nuriacc  that  the  leal  is  tient  txneath  or  acr«»%s  the 
fktiin.  tliuN  ic\cfsiii^  tliL  noini.il  |»iiMtioii  i»l' dorsal  and  ventral 
•tuiLuc*.  anil  I-'  »ti^ij»<»ited  against  the  action  of  graiity  in  this 
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position  for  some  time.  The  same  stimulation  applied  to  the 
expanded  leaf  at  midday  causes  it  merely  to  fall  and  droop 
downwards,  the  fall  being  largely  a  passive  one,  due  to  the 
action  of  gravity  being  no  longer  counteracted  by  the  greater 
turbidity  of  the  convex  under-surface  of  the  pulvinus,  It  must 
not  however  be  concluded  that  the  sleep-position  assumed  in 
the  evening  is  simply  due  to  the  general  increase  of  turgidity 
consequent  upon  the  diminished  transpiration.  The  folding 
up  of  the  leaflets,  which  is  one  of  the  main  factors  causing  the 
diminished  transpiration,  is  directly  due  to  the  stimulating 
action  of  the  fading  light ;  for  any  general  increase  in  turgidity 
tending  to  make  that  of  the  upper  surface  more  nearly  equal 
to  that  of  the  under  surface  of  the  pulvinus  would  tend,  not  to 
close  the  leaflet,  but  to  keep  it  expanded,  were  it  not  over- 
powered by  a  more  powerful  direct  stimulus.  Besides,  were 
the  latter  not  the  case,  we  should  expect  to  find  the  leaflets 
expanding  during  the  night  as  the  normal  relation  between 
transpiration  and  absorption  became  restored  ;  whereas,  as  is 
well  known,  they  remain  folded  together  until  caused  to 
expand  by  the  early  morning  light.  The  fall  of  the  main 
and  secondary  petioles  may,  however,  partly  be  brought  out 
in  the  manner  above  described,  for  they  rise  somewhat  during 
the  night ;  but  even  here  the  movement  is  mainly  due  to  the 
direct  stimulating  action  of  the  absence  of  light,  for  it  is  only 
on  re-exposure  to  light  of  adequate  intensity  that  the  normal 
fully-expanded  condition  is  assumed 

Equally  exposed  plants  of  Mimosa  growing  in  the  one  case 
in  dry  sandy  and  in  the  other  in  damp  humid  soil,  close  at 
the  same  time  in  the  evening,  and  not  earlier  in  the  latter 
case  than  in  the  former.  If  a  portion  of  a  plot  of  plants  be 
kept  dry  and  the  rest  well  watered,  with  equal  exposure,  and 
the  plants  being  to  commence  with  fully  expanded,  the  leaves 
and  the  plants  in  the  latter  may  close  five  to  ten  minutes  earlier 
than  in  the  former;  but  this  simply  shows  that  the  more 
turgid  plants  respond  somewhat  more  rapidly  to  the  stimulus 
due  to  the  fading  intensity  of  light  than  do  the  less  turgid 
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In  order  to  keep  the  leaflets  of  J/.  f*udica  fully  expanded, 
exposure  to  li^ht  of  a  certain  tonic  intensity  is  necessary; 
exi>osure  to  li^ht  of  (greater  intensity  than  this  ciusing 
a  i>aratonic  cl(»8ure,  whiUt  too  feeble  illumination  causes  an 
at(»nic  closure. 

A  number  of  other  Leji^^minosae  were  examined  with 
re^^ard  to  the  parahcliotropic  pro{>erties  of  their  leaflets,  and 
thcai^h  they  vary  much  in  degree  of  irritability  and  the 
movement  of  res|x>nse  is  not  always  of  the  same  kind,  never- 
theless the  general  results.  es|>ecially  with  regard  to  the 
pulvinus  being  the  organ  which  not  only  res|M»nds  to  but  also 
IKrrccives  the  stimulus,  were  essentially  similar  to  those  given 
by  J/,  puiiiia. 

An  unnamc<l  Acacia  (1^.^ ')  is  nearly  as  seasitive  as 
M.pudiia  to  lK>th  Contact  and  ex|)osure  to  sunlight.  Thus 
the  leaflets  uhen  lightly  tapj>ed  rise  up  and  fold  t(»gether.  If 
cx|M>sc*d  to  full  sunlight  they  fi>ld  completely  together  in  two 
to  three  minutes,  ex|)anding  fully  again  in  five  to  eight 
minutes  when  well  sh.uled.  If  the  pulvini  .ilone  are  shaded, 
the  leaflets  ex|Kind  nearly  completely  horiz<intally.  and  the 
movement  is  but  little  slower  than  it  is  in  Mimcsa  under 
similar  conditio  n^.  In  sc*nvitiveness  to  Contact  and  to 
inHolation,  the  leaflets  of  Hx^ttnia  l^wud'tUtwut  are  almost 
id<-ntu'al  with  tliM.sc  i>f  the  ptecedin^;  plant.  In  another 
imnained  Ai*uta  (!'»«/  *)  the  Uaflits  .ire  not  ipiite  n«>  sensitive, 
a  siuait  r.ip  iaunin^;  a  partial  folding,  whiUt  uhen  ix;M)<u.d  to 
full  sunlight  they  arc  not  quite  so  closely  approximated 
t«'^:eth«r  and  uhen  shadcti  re-expan<l  more  slouly. 

/^//Vf//ll  .-#  I.*. ;///».!.  Koxli.,  thou^^h  n-il  vnsitive  tomichan* 
ical  irtit.itiot),  is  xciy  ncaiiy  a**  ^^UNitive  to,  and  shows  nearly 
at    rapid  a  rc.s|H»nsc  to.  iXjMiNure   to  full  >unli^ht.  a^   d<<s 

\\\  C*iti*t!ft*it.».  /lit\'*ctt:ia,  and  several  Acacias,  if  the  leaflets 
are  c\|xwii  to  full   ^lunli^^ht  but  the  pulvmi  arc  shaded,  the 
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former  become  markedly  expanded  in  a  quarter  of  an  hour, 
and  in  half  an  hour  are  nearly  horizontal.  If  fully  exposed 
to  sunlight,  the  leaflets  rise  up  or  twist  to  their  full  extent  in 
ten  to  twenty  minutes.  The  leaflets  of  several  species  of 
Caesalpiiiia.  of  Dalbergia  Unga,  and  of  Desmotiitim  veliitinum, 
D.  C,  twist,  so  that  the  longitudinal  axis  is  at  right  angles 
to  the  lamina  or  parallel  to  the  sun's  rays,  the  proximal  edge 
of  the  leaflet  being  uppermost.  At  the  same  time  the 
leaflets  may  in  some  cases  rise  somewhat,  but  the  main  and 
secondary  petioles  generally  droop  more  or  less  after  prolonged 
exposure.  In  this  case  also  the  movement  of  the  leaflets  is 
always  the  same  no  matter  what  the  angle  at  which  the 
incident  rays  fall,  the  intensity  of  the  light  alone  acting  as 
a  stimulus  to  movement.  Likewise,  if  the  pulvini  alone  are 
shaded,  the  flat  surfaces  of  the  leaflets  become  horizontal, 
the  dorsal  (morphologically  ventral)  surface  being  directed 
upwards ;  but  if  at  the  same  time  the  leaf  be  powerfully 
illuminated  from  the  side  or  from  beneath,  the  leaflets,  though 
shaded  from  the  sunlight  falling  from  above,  retain  their 
paraheliotropic  position. 

In  Albk-a  sp.  ?  when  exposed  to  sunlight  the  leaflets  fold 
forwards  and  also  twist  so  that  the  proximal  edge  is  upper- 
most and  the  lamina  vertical.  If  the  pulvini  are  shaded,  the 
leaflets  begin  to  expand  and  twist  in  five  minutes  and  attain 
nearly  to  their  normal  shade  position  in  fifteen  minutes. 
Albissa  saponaria,  BI,,  and  Calliandra  haematocepkala,  Hsskl., 
are  similar  in  all  respects,  with  the  exception  that  the  move- 
ment is  slower  and  takes  nearly  twice  as  long  before  it  is 
completed. 

The  leaflets  of  Cassia  montaita,  Heyne,  when  exposed  to 
sunlight  fold  together  forwards,  more  or  less,  whilst  the 
pulvinus  twists  so  that  the  leaflets  droop  downwards  with  the 
under  ventral  surface  directed  outwards  and  in  some  cases 
slightly  upwards.  If  the  pulvini  are  shaded,  the  leaflets  begin 
in  ten  minutes  to  expand,  and  rise  up  and  twist  so  that  the 
dorsal  surfaces  face  upwards,  a  nearly  normal  shade-position 
being  assumed  after  twenty  to  thirty  minutes.    The  proximal 
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surface  of  the  pulvinus,  which  is  uppermost  in  the  sunh'ght- 
position,  has  a  moderate  amount  of  red  dye  in  the  epidermal 
cells  covering  it.  Stomata  are  abundant  on  the  under  surface 
of  the  leaf,  but  none  are  present  on  the  upper.  Hence  the 
movement  is  evidently  a  means  of  protection  against  light 
alone  and  not  against  excessive  transpiration ;  for  if  the  latter 
were  the  case  we  should  expect  to  find  the  ventral  stomatic 
surfaces  being  apposed  to  one  another.  The  outer  surfaces  of 
the  epidermal  cells  of  the  leaflet  are  curved  in  outline,  the 
curvature  on  the  upper  surface  being  more  marked  and 
conical,  on  the  under  flatter  and  more  rounded.  This  would 
probably  indicate  according  to  Stahl  ^  that  Cassia  montana 
is  specially  adapted  to  suit  a  shady  habitat.  The  sunlight 
position  which  the  leaflets  assume,  though  sufficient  as 
a  protection  against  not  too  prolonged  exposure,  is,  owing 
to  the  way  in  which  the  ventral  surfaces  are  exposed, 
not  so  adequate  a  protection  as  in  the  other  cases  already 
described. 

The  bilobed  leaf  of  Banhiniay  though  slow  to  react  to 
sunlight,  forms  nevertheless,  owing  to  the  large  size  of  the 
pair  of  leaflets  of  which  it  is  composed,  to  the  manner  in 
which  these  are  hinged  together  in  the  median  line  for  a 
great  part  of  their  length,  and  to  the  pulvini  being  partially 
bifid,  interesting  material  for  experimental  study.  In  /?. 
clongata  the  leaflets,  when  exposed  to  full  sunlight,  fold 
almost  completely  together,  each  rising  up  through  an  angle 
of  80°  or  more.  If  the  pulvinus  at  the  base  of  the  pair  of 
leaflets  be  shaded,  the  area  shaded  being  about  1  sq.  cm., 
whilst  the  area  of  the  leaf  left  exposed  is  from  100  to  200 
times  greater,  in  a  quarter  of  an  hour  the  leaflets  are  seen  to 
be  expanding,  in  half  an  hour  they  make  an  angle  of  15'* 
to  20°  only  with  the  horizon,  and  in  one  hour  they  are  nearly 
horizontal.  On  then  re-exposing  fully  to  sunlight,  or  on 
exposing  the  pulvinus  alone,  the  leaflets  begin  to  rise  in  five 
minutes ;  in  ten  minutes  they  have  nearly,  and  in  fifteen  fully, 

*  Stahl,  Ann.  d.  Jard.  Bol.  dc  Buitcnzorg,  Vol.  xiii,  2*  partie,  1896.     <  Samtnet- 
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assumed  their  normal  position.  A  leaf  exposed  for  eight 
hours  to  continuous  sunlight  showed,  if  the  leaflets  were 
allowed  to  fold  together,  a  fairly  active  power  of  assimilation  ; 
but  another  in  which,  by  shading  the  pulvinus,  the  leaflets 
were  caused  to  remain  nearly  horizontal,  showed  after  the 
same  time  only  a  moderately  active  power  of  assimilation, 
and  in  parts  faint  or  none  ;  the  next  day  the  remaining 
portions  of  the  leaflets  showed  fairly  active  assimilation.  If 
one  half  of  the  pulvinus  be  removed,  the  cut  surface  being 
smeared  with  vaseline,  the  leaflet  of  that  side  sinks  and  can 
no  longer  respond  to  a  change  in  the  illumination.  The 
other  leaflet,  however,  still  responds,  though  not  quite  so 
markedly  as  normally. 

5.  tovienlosa,  with  a  much  larger  leaf  and  pulvinus,  responds 
more  slowly  than  docs  B.  elongata.  When  the  pulvinus  is 
shaded  it  takes  from  one  to  two  hours  for  the  two  lobes  to 
become  nearly  horizontal,  and,  when  exposed  to  sunlight,  from 
a  quarter  to  a  half  hour  to  close  up  to  the  full  extent  possible. 
The  leaflets  can  only  close  completely  together  when  quite 
young;  when  older  a  slight  angle  {15°  to  20")  always  remains 
between  the  two  leaflets,  probably  owing  to  a  slight  hardening 
of  the  pulvinar  tissue  and  to  the  increased  elasticity  and 
incompressibility  of  the  tissue  forming  the  longitudinal  hinge 
between  the  two  lobes.  In  both  B.  elongata  and  B.  tovutilosa 
the  pulvini  are  covered  with  brown  hairs,  and  both  the  epi- 
dermal and  outer  cortical  layers  are  dark  brown  in  colour. 
This  is  less  marked  when  the  leaf  is  young,  and  hence  probably 
arises  the  fact  that  the  quite  young  leaves  fold  together 
when  exposed  to  light  of  only  moderate  intensity.  In  the 
older,  more  resistant,  stouter,  and  less  transparent  leaf,  the 
sensitive  pulvinar  tissues  are  largely  shielded  from  the  penetra- 
tion of  light,  and  respond,  causing  the  leaflets  to  fold  tc^ether, 
only  when  the  light  is  of  considerable  intensity  and  the 
exposure  prolonged.  The  pulvini  of  the  more  sensitive 
leaflets  of  Acacia,  Albizsa,  Dalbergia,  and  Cacsalpinia,  are 
all  glaucous  and  green,  and  are  exposed  to  the  sun's  rays 
in   almost   every   position    which    the   leaflets   may   assume. 
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In  lutiihinia^  when  the  illumination  is  at  all  oblique,  the 
folding;  of  the  IcaMobes  may  cause  the  pulvini  to  be  shaded 
and  any  further  m->vement  to  cease. 

Hoth  />\  clon^ata  and  />.  tomentosa  have  an  abundance  of 

stomata  present  on  the  markedly  hairy  under  epidermis  of 

the  leaf,  the  upper  surface  being  slightly  hairy  and  possessing 

a  few  scattered  stomata.     Hence  in  the  folded   iK>sition  the 

rate   of  transpiration  can  only  be  ver>'  slightly  diminished. 

In   Dalbir^ia   rfyliinua,  P,  Itnji^a,   A/h'zia  sa/^naria,   i'aUi' 

amira  hacmah\'fphala,  and  dtrsalfinia,  stomata  arc  present 

on  the  under  surfaces  of  the  leaflets  only,  the  upi>er  epidermis 

having  a  slightly  or  markedly  thicker  cuticle  than  the  under, 

and    being   without   stomata.      In  AlHrra   sajH^na^ut^   Calh* 

apuira  hiumatiXcphala^  and   Dalbfrgia  linf^a^  it  follows  from 

the  i)osition  the  leaflets  assume,  that  no  checking  but  rather 

an  incrca.se  of  transpiration  is  likely  to  result  when  the  leaves 

are  exiK>scd  to  sunlight.     In  Dalbfrii^ia  Mtylanica,  the  leaflets 

of  which  fold  to'^ether  in  |xiirs,  even  though  no  *»ti>mata  arc 

present   on    the   up|)cr   surfaces,  the  folded    |X)sition  «>f  the 

leaflets  will  intcT|Kise  a  slight  check  on  transpiration;  uhilst 

in  Mimvsa  AX\A  //ifirm,  c»wing  to  the  presence  of  stomata  on 

the  up|)cr  surfaces  and  to  the  overlapping  of  the  Ic-.iflcts  \%hen 

folded,  the  iheck  must  be  verv  m.irked.     In  A^iuia  (i^'i)  and 

in   K\hnta  J\m  m/.inu  lii,  ^tom.ita  .ire  abundant  ^n  the  under 

suitaic*  and  i^n  the  «iutrr  hall  of  the  up|K-f,  lM*ii»ming  fewer 

towards  the  1mm*  of  the  up|>er  surface  ^'f  the  leaflet,  whilst  at 

the  ba^e  ni>ne  are  pit-scnt      llefue  in  these  tu<>  plants  stomata 

arc  ab'^ent   trem   that  pait    in   \%hich,   \%hen    f^liied  together, 

then-  IS  !c.i.st  ilunue  of  .mv  transpiration  taking  place 

The  p.iraheliotiopii  |>«>%itit>n  is  very  e\idi-ntiy  assumed 
s4.1t!y  ui  t.fdrr  to  pri'trit  the  chlorophylit>us  layers  x^i  the 
leaflet  liofii  e\]MiNUie  to  ttN»  intense  illuinuiation,  though  it 
may.  as  a  m  i  •itulai)  .  ar.il  pt  f  h.ipn  ait^liU  tital,  «*fTi(  t  in  a  few 
».ist's  lulp  tti  ^;u.ir*l  .l,^ll^^t  exus^ixc  transpiration 
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Protective  Red  Dye. 

In  a  very  large  number  of  cases,  and  more  markedly  in  the 
tropics,  the  leaf,  especially  when  young,  is  partly  shielded 
from  the  effects  of  exposure  to  light  by  the  presence  of  a  pro- 
tective red  dye.  Stahl,  in  a  recent  publication ',  has  expressed 
certain  theories  with  regard  to  the  function  of  erythrophyll 
in  plants,  which  cannot  be  passed  over  without  criticism. 
In  opposition  to  the  generally  accepted  view,  Stahl  holds 
that  the  importance  of  the  red  dye  is  that  it  acts,  not  as 
a  protection  gainst  light  at  all,  but  first,  as  a  warning  or 
frightening  {abschreckende')  colouration,  and  secondly,  and  most 
importantly,  as  a  heat-absorbing  medium. 

As  regards  the  importance  of  the  red  dye  as  a  frightening 
colouration,  Stahl  himself  shows  that  it  only  applies  to  higher 
animals  in  which  the  powers  of  vision,  and  more  especially 
of  colour- percept  ion,  are  well  developed ;  and  even  then  the 
deterrent  effect  is  by  no  means  marked,  and  ceases  to  become 
evident  when  the  animal  is  hungry.  Obviously,  with  animals 
such  as  snails,  the  main  depredations  of  which  are  carried  00 
in  darkness  or  in  partial  obscurity,  when  the  red  colouration 
cannot  be  distinguished,  it  can  hardly  exercise  any  deterrent 
effect  in  virtue  of  its  colour.  It  may  safely  be  concluded 
that  any  value  of  the  red  dye  as  an  '  abscltreckeitde '  coloura- 
tion is  quite  accidental  and  secondary,  though  it  may 
in  some  cases  be  of  undoubted  use  to  the  plant.  A  similar 
instance,  in  which  a  special  peculiarity  developed  for  a  par- 
ticular purpose  has  acquired  accidentally  a  minor  secondary 
importance,  is  afforded  by  Mimosa  pudica.  In  this  plant  the 
folding  up  of  the  sensitive  leaflets,  which  takes  place  when 
the  plant  is  agitated  by  the  wind,  is  undoubtedly  of  primary  im- 
portance as  a  protection  against  mechanical  injury  or  drought, 
to  both  of  which  the  plant  is  very  sensitive  and  liable.  When 
a  browsing  animal,  such  as  a  goat,  approaches  a  clump  of 

'  Slohl,  Ueber  bnnle  Laubbliitlci :  Ann.  d.  Jard.  Gut.  tie  Uuiieaioi^,  VoL 
xiii,  2*  partie,  p.  137,  1896. 
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M.pudica^  and  agitates  any  part  of  it  at  all  strongly,  the  green 
appearance  disap|>ears  at  once,  and  only  an  api>arently  withered 
clump,  in  which  the  hard  and  prickly  stems  are  most  con* 
spicuous,  remains ;  the  consequence  being  that  the  animal  either 
turns  away  or  passes  through  the  clump  of  Atimosa  to  reach 
more  congenial  and  less  bewildering  pasturage.  In  a  country 
with  many  browsing  animals  this  peculiarity  cannot  fail  to 
be  of  considerable,  though  only  accidental,  importance. 

As  regards  the  second  part  of  Stahfs  theory,  there  is  no 
doubt  whatever  that  the  presence  of  er>'throphyU  in  the 
cell-sap  will  cause  a  leaf  to  absorb  more  light,  and  also  more 
heat,  than  it  would  othen^-ise  have  done ;  but  the  question  b 
whether  the  heat-absorbing  property  of  the  red  dye  is  not 
merely  secondar>\  and,  perhaps,  in  many  cases,  a  disad* 
vantage  to  the  plant.  In  the  case  of  alpine  plants,  Kemer  von 
Marilaun'  had  already  pointed  out  that  the  heat-absorbing 
power  of  the  red  dye  may  be  of  accessory  im|K>rtance  to  its 
light-protective  function. 

Kngelmann '  has  shown  that  the  red  pigment  erythrophyll 
allows,  in  a  typical  case,  about  90  {ler  cent,  of  the  orange 
rays  which  are  most  useful  for  assimilation.  10  to  30  |>er  cent, 
of  the  green  and  yellow  which  are  least  useful,  50  |)er  cent,  of 
the  blue  which  arc  somewhat  more  useful,  and  Ko  |)er  cent* 
of  the  vi«»lct,  ray^  to  (>ass  through. 

l*ringshcim '  found  that  when  ex|M>scd  to  concentrated 
blue  or  green  Nunli^ht  in  the  presence  uf  oxygen,  the 
chlorophyll-grains  over  an  ex|Kised  area  of  an  cntl-cell  of 
Chara  arc  killed  and  bleached  in  ^  n  inutr« ;  whcrca^t  when 
ex|)oscd  to  the  concentrated  red  rays  arul  kept  cool,  they 
remain  living  for  a  longer  time, only  beginning  to  bleach  after 
io  minuter'  ex|Hisurc  The  red  dye  therefore,  whilst  allowing 
as  much  a^  |mihmI>1c  of  the  light  useful  for  aMimilaticin  to  |Mua 
thr«'iigh,  absa*rb9  an  n)uch  an  |M>%sible  cf  the  ray%  exerting  the 
gicatnt    photo-chemical    effect    u|Hin   the    chli>rophyll   and 

*    I  rtAi.<rt  Ictvi.    I'-!    t.  1     3^4 

1  iii.4«UiiB.  I'nii^th  jftHl^,  Ikl.  til.  iS>i,  |«|»  j«6  144. 
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the  protoplasm.  Were  the  primary  and  most  important 
function  of  the  rtd  pigment  to  act  as  a  heat -absorber,  it 
would  be  natural  to  expect  that  it  should  show  a  marked 
absorption  of  the  dark  heat-rays  which  do  not  appear  to 
be  used  in  chlorophyllous  assimilation,  instead  of  its  absorb- 
ing for  the  most  part  the  green  and  yellow  rays,  in  which 
the  heating  effect  is  comparatively  slight.  Engelmann  (1.  c.) 
does  not,  however,  ascribe  any  power  of  absorbing  the  dark 
heat-rays  to  erythrophyll.  Stahl  (I.e.),  it  is  true,  finds  that 
red  leaves,  when  exposed  to  dark  heat-rays,  show  a  rise 
of  temperature  of  from  1°  to  2°  over  similar  green  leaves 
similarly  exposed.  The  explanation  of  this  probably  lies, 
however,  in  another  observation  of  Stahl's.  namely,  that  red 
leaves  have  fewer  stomata  than  the  green  ones,  the  conse- 
quently lessened  transpiration  in  the  red  leaf  being  probably 
the  cause  of  the  difference  in  temperature.  It  is  extremely 
probable  that  in  the  water  distributed  throughout  its  sub- 
stance, the  leaf  possesses  as  sufficiently  powerful  an  absorbent 
of  the  dark  heat-rays  as  is  needful.  The  very  fact  that  in 
spotted  leaves  the  red  areas  contain  fewer  stomata  than  do 
the  neighbouring  green  ones,  is  very  strongly  in  favour  of  the 
view  that  the  slight  additional  absorption  of  heat  and  con- 
sequent acceleration  of  transpiration  is  a  disadvantage  which 
needs  to  be  guarded  against,  and  which  is  in  this  manner 
adequately  compensated  for.  As  Stahl  shows,  green  leaves 
or  green  areas  of  the  leaf,  when  exposed  to  sunlight  in  dry  air, 
give  off  more  water-vapour  than  red  leaves  of  the  same  plant 
or  red  areas  of  the  same  leaf  do. 

Kemer  von  Marilaun*  mentions  that  Satureja  hortensis, 
grown  fully  exposed  to  sunlight  in  his  alpine  garden,  develops 
an  even  greater  abundance  of  the  protective  red  dye 
and  flourishes,  whilst  Linum  usitatissimum  remains  green, 
grows  badly,  and  dies  before  flowering.  From  this  he  con- 
cludes that  the  red  pigment  is  important  as  a  protection 
against  intense  illumination.     Stahl  (i.e.)  finds  that,  in  the 

'  Pflanienleben,  Bd.  i,  p.  364. 
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Alps  on  clear  nights,  Linum  is  unable  to  empty  its  leaves 
of  starch,  whilst  Satureja  does  so,  and  hence  concludes  that 
this  is  due  to  the  red  leaves  being  warmer  during  the  night, 
an  assumption  which  is  not  justifiable  without  direct  experi- 
mental evidence,  for  it  has  yet  to  be  proved  that  the  red 
pigment  has  any  special  power  of  absorbing  dark  heat-rays : 
moreover,  in  correlation  with  the  fact  that  the  red  leaf  absorbs 
heat  in  slightly  greater  amount  than  a  green  one  does,  it 
would  be  natural  to  expect  that  the  former  would  also  radiate 
heat  more  rapidly  than  the  latter  when  the  temperature  falls 
during  the  night.  The  above  observations  cannot  be  said  to 
point  one  way  or  the  other.  All  they  show  is  that  Satureja 
is  more  adaptable  to  an  Alpine  habitat,  and  with  this, 
adaptability  the  presence  and  increased  formation  of  the 
red  dye  may  be  a  more  or  less  important  correlative  factor ; 
whilst  Linum^  under  such  conditions,  is  unhealthy,  and 
amongst  other  signs  of  sickness  a  weakening  of  the  trans- 
locatory  powers  may  be  one  symptom.  Costerus  ^  has,  how- 
ever, shown  that,  in  most  tropical  plants,  but  little  starch 
is  removed  during  the  night ;  so  that  in  the  tropics,  at  any 
rate,  the  retention  of  an  abundance  of  starch  in  the  leaves 
over  night  is  a  normal  phenomenon,  and  does  not  indicate 
that  the  plant  is  in  an  unhealthy  condition. 

Stahl  supposes  that  in  the  tropics  the  heat-absorbing 
function  of  the  red  pigment  is  to  increase  the  amount  of 
transpiration,  and  in  the  plants  of  temperate  r^ions  to  raise 
the  temperature  of  and  hence  give  rise  to  more  active 
metabolism  in,  more  especially,  the  young  g^wing  organs. 
He  points  out  that  in  the  tropics  many  plants  affecting 
shady  habitats  have  a  marked  and  deep  red  colouration,  and 
that  in  many  cases  the  red  dye  is  present  only  in  the  under 
epidermis  or  spongy  mesophyll.  The  explanation  of  the 
presence  of  a  marked  red  colouration  in  the  leaves  of  many 
shade-plants  is  readily  explained  as  being  necessary  to  guard 
against  the   partial   or  complete  assimilatory  inhibition  to 

»  Cobtcrus,  Ann.  d.  Jard.  Hot.  dc  IJuitcnzorg.  p.  73.  Vol.  xii,  Pt.  I,  1894. 
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which  such  shade-plants  are  especially  liable  when  accidentally 
exposed  to  prolonged  intense  illumination. 

In  trees  or  shrubs  growing  more  or  less  in  the  open  and 
with  foliage  which  is  red  when  young,  it  can  plainly  be  seen 
that  the  young  foliage  formed  in  more  shaded  positions  is 
less  red  than  that  which  is  more  exposed  ;  whereas  according 
to  Stahl's  theory  the  reverse  should  be  the  case.  The  more 
exposed  leaves  also  retain  their  red  colour  longer  and  to 
a  later  stage  of  development  than  the  shaded  ones,  in  those 
cases  in  which  the  leaves  lose  their  red  colour  when  adult,  as 
is  shown  well  by  Ancisirocladus  Vahlii.  Owing  to  the  tonic 
stimulating  action  which  light  exercises,  the  more  exposed 
leaves  are  larger,  broader,  and  develop  more  rapidly,  than 
very  much  shaded  ones.  Hence,  owing  to  the  chlorophyllous 
tissues  developing  and  reaching  their  adult  and  most  resistant 
condition  more  rapidly,  the  red  colouration  may  disappear 
from  the  more  exposed  leaf  in  an  actually  slightly  shorter  time, 
though  it  persists  to  a  later  stage  of  development  and  size  in 
the  more  exposed  leaf  than  in  the  markedly  shaded  onc- 

That  many  plants  growing  in  the  shade  form  a  greater 
or  less  amount  of  red  pigment  is  quite  true:  but  in  all  the 
cases  observed  the  red  colour  is  most  marked  when  the  plant 
is  growing  in  more  exposed  situations,  and  in  extremely  shady 
habitats  it  may  almost  or  entirely  disappear.  The  inference 
simply  is  that  such  plants  are  extremely  sensitive  to  and 
readily  injured  by  exposure  to  light  of  at  all  marked 
intensity:  whilst  it  has  already  been  clearly  established  that 
very  marked  differences  do  actually  exist  in  the  sensitiveness 
of  different  plants  to  light  in  correlation  with  the  amount  of 
exposure  to  which  they  are  subjected  in  their  natural  habitat. 

In  the  Filicineae  it  is  possible  to  formulate  the  general  rule 
that  hygrophilous  Fems  growing  in  damp  and  shady  places 
are  always  green ;  whilst  in  more  or  less  xerophilous  Ferns, 
growing  in  more  exposed  and  drier  habitats,  a  marked  red 
colouration  is  frequently  present.  Thus  in  BUcknum  orientale, 
growing  in  an  exposed  and  rather  dry  situation  in  the  gardens 
at  Peradeniya,  the  young  leaves  have  a  marked  red  coloura- 
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tion,  and  arc  at  the  same  time  protected  from  excessive 
transpiration  by  the  presence  of  numero'iji  stalked  mucous 
glands  of  epidermal  origin.  The  red  colouration  is  most 
marketl  when  the  leaf  is  nearly  fully  expanded  and  about 
two-thirds  its  full  adult  size,  being  less  marked  in  the  young 
inrolled  leaflets  than  in  the  still  young  but  just  expanded 
ones.  As  the  leaf  becomes  adult,  the  red  colour  rapidly 
diminishes  from  the  base  upwards  and  the  mucous  glands 
wither  away  and  disapfiear.  The  red  dye  is  formed  in  the 
mesophyll-layers  only,  and  chiefly  and  most  marke<lly  in 
the  cells  of  the  |>alisade*parenchyma.  As  the  dye  disapi^ears 
the  s|>ecial  protection  which  the  mucous  glands  afford  against 
excessive  transpiration  is  no  longer  needed,  and  the  glands 
dry  up. 

As  regards  the  cases  in  which  the  red  dye  is  present  only 
in  the  under  epidermis  or  in  the  spongy  mesophyll,  it  must 
be  remcmlxretl  that  in  many  such  cases  the  young  leaves 
ex|yise  their  ventral  surfaces  to  the  light.  Thus  in  Masa  the 
young  leaves  are  vertical  and  rolled  up  with  the  ventral 
(under)  surface  outermo.st ;  and  in  one  variety  of  Musa  a  rc-d 
dye  deveio|>s  on  the  under  ex|K>sed  surface,  dis.ip{)earing  as 
the  leaf  unrolls  and  cx|unds  horizontally.  The  adult  leaves 
of  J/«i/i(sre  alxive,  p  44c)  are  quite  resistant  to  even  prolfinged 
ins4>l.iti<in,  but  the  exi^-iM-d  jM»rtions  of  the  y«»ung  leaves  are 
more  sensitive,  and  may  have  their  |K»\%er  of  askimil  ition 
weakened  or  tcm]>i»rarily  ifihibltnl  by  a  full  day's  insitlatinn. 

In  rptttiftii  uUfifhylla  the  Viumg  leaves  have  a  red  dye  m 
the  under  cpidernns  only,  which  is  als.i  itivered  by  adpiessed 
sclerotic  hairs.  Tlie  y«»ung  h-ave-*  are  at  first  fulded  Kingi- 
tudin.dly.  \k\X\\  the  uiulet  (Vi-ntril)  surfaic-s  <»ut\%ards;  and 
commonly  even  a^  they  expand  and  lief«»re  the  fixed  li^^ht 
|X)sitioti  IS  t  iken  up  the  ventral  surl'ace  i^  m«»re  cxiNi^ed  than 
the  tltir^al.  I  he  r:*!!  dye  acts  a*  a  pmtection  ag.iiiiNt  sun- 
light. wli'I^t  the  .1-1, tressed  hairs  guard  against  exiessjvc 
transpir.iti  m  I  h«  dye  lK-,Mns  to  disapfiear  %khcn  the  leaf 
is  fi  1!!)  «>n*  thi'd  t  1  iiiie-hali  its  full  ailult  s*/e  an«l  is  almost 
entirtiv    ,:-'ne    ^htti    tu  >  thirds    gruHii.       Young    cx|)ande<l 
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leaves  (j  cm.  long  by  2-3  cm.  broad)  show  normally  a  weak 
but  distinct  poiver  of  assimilation,  but  after  eight  hours 
exposure  to  full  sunlight,  with  the  dorsal  surface  upwards, 
assimilation  is  faint  or  absent,  some  leaves  being  fatally 
injured  ;  whilst  if  the  ventral  surface,  exposure  of  which  in  an 
adult  leaf  of  a  shade-plant  sensitive  to  exposure  produces 
more  effect  than  does  exposure  of  the  dorsal  surface,  is 
subjected  to  insolation  for  the  same  time,  a  weak  or  faint 
power  of  assimilation  is  shown,  and  the  leaves  all  recover  and 
show  next  day  a  normal  weak  power  of  assimilation.  la 
a  fully  adult  green  leaf  (i3-j  cm.  long  by  6-5  broad)  after 
eight  hours'  exposure,  a  moderately  to  fairly  active  power 
of  assimilation  was  shown. 

An  unnamed  epiphytic  Aroid,  growing  in  the  Canarien 
All^e  near  the  main  entrance  of  the  Buitenzorg  Gardens,  has 
the  young  leaves  rolled  up  vertically  with  the  ventral  (under) 
surface  outwards,  a  red  dye  being  present  in  the  spongy 
mcsophyll-cells  and  also  around  the  vascular  bundles.  As 
the  leaf  expands  horizontally,  dorsal  surface  upwards,  the  red 
dye  lessens  in  amount ;  but  in  adult  leaves  a  slight  amount  is 
still  present.  In  other  plants  the  red  dye  might  remain  in 
this  position  in  the  adult  leaf  as  a  vestigial  survival  of  that 
present  in  the  young  leaf,  and  without  necessarily  havii^  any 
functional  importance. 

In  many  Scitamineae  it  is  the  under  surface  of  the  leaf 
which  is  red.  Alpinia  officinartim^  Hance,  has  a  purplish-red 
colour,  on  the  under  surfaces  only,  of  the  nearly  vertically 
erect  leaves.  From  the  very  young  leaves  the  red  colour 
is  absent ;  it  appears  as  soon  as  the  leaf  is  exposed,  and  is 
most  marked  when  from  one-third  to  one-half  full  grown  ;  after 
this  it  decreases  in  amount,  disappearing  at  the  edges  and 
sides  first,  and  finally  in  the  fully  adult  leaf  being  totally 
absent.  BeUmcanda  chinensis  is  exactly  similar  with  regard 
to  the  distribution  and  appearance  of  the  red  dye,  but  the  dye 
does  not  commence  to  disappear  until  after  the  leaf  is  fully 
adult  and  the  young  sensitive  growing  tissues  no  longer  need 
that    protection    from    light   which,   owing    to    the   marked 
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exposure,  when  young,  of  the  ventral  surface  to  illumination, 
was  i>eculiarly  ncces*iary.  In  various  Zingibers.  Marantas.  &c,, 
in  which  the  under  surface  of  the  leaf  is  red.  the  leaves  when 
adult  are  horizontal  with  the  ventral  surface  downwards,  and 
the  red  pigment  disappears  in  the  post-adult  stages.  In  some 
cases  the  leaves  remain  partly  erect,  in  which  case  a  slight 
red  colouration  may  j^rsist  on  the  under  surface. 

When  ex|K>sed  to  strong  illumination.  Mimosa  piuiua 
acquires  a  distinct  reiidi^h  colouration  on  the  upper  ex]>i^tcd 
surfaces  of  the  |>etioles  and  younger  branches,  which  is  slight 
or  absent  in  the  young  still  folded  leaflets  ;  in  the  adult  leaves 
the  red  colouration  is  es|>ecially  marked,  but  is  restrictcii  to 
the  under  surfaces  of  the  leaflets.  In  shaded  plants  the 
rcii  colouration  is  but  slight  or  absent,  and  this  is  commonly 
the  case  in  plants  grown  in  Euro|>can  hot-houses.  The  red 
dye  is  formed  in  the  epidermal  colls  at  the  edges  of  the 
leaflets  and  in  tht»se  |>arts  of  the  under  surface  which  are 
ex|x>sed  when  the  overlapping  leaflets  are  all  foldetl  t(»gethcr. 
At  the  apex  of  the  leaflet  the  under  epidermis  has  a  thicker 
outer  wall  and  cuticle  than  the  upfMrr  epidermis,  but  in  the 
b.isal  |Kirt  of  the  leaflet  this  diflerence  d«»es  not  exist  ;  if 
anything,  thr  upfKT  epidermis  and  cuticle  are  here  slightly 
thicker  than  the-  under.  On  the  l>asal  )>air  of  Icafletn  the 
under  f'[iiilermi<«  .ind  iuticlc.  which  arc  nuterm*>st  and  entirely 
ex{>ose(l  when  the  leaflets  are  folded,  are  thicker  than  the 
up(KT  .ill  over  the  Kaflet.  On  the  up{>er  surt.i('es  nf  the  leaf- 
lets. sto!ii.it.i  are  abundant  .md  iiurease  in  niiinlier  tnuardn 
the  a|H-x.  iM'ing  especi.dly  abundant  at  the  cvtieme  ajK^x 
'I  h*'  .4Vfrage  numlHT  of  stoniata  i»n  the  umler  Mirfaie  i^ 
sli^'htly  i:rrater  than  on  the  up|M  r.  but  n»»t  quite  mi  abundant 
as  at  the  a|>ex  «'n  the  up|K*r  sut faie  On  the  under  Mtriace  at 
the  .ijii.al  om*  ei;dith  l«»  one-t\%elfth  of  the  len^'th  ^t'the  leaf, 
ie  »'\rT  the  j>"rti"n  which.  In-in^  exjMi'icd  when  the  leaflets 
f(i!d  t«v^:<-th(.r,  ban  a  pr<*tci'tue  red  pigment,  n'^  Ntiifiiat.&  at  all 
are  present  <  >l  the  li.i<«.d  pair  nt  leaflets  tKrlxngm^'  t>»  tme  of 
the  Miiirr  pelioK  -»  thr  "uter  onr  i-«  generally  Urj^er  arul  Iwllcr 
«levrIi»|K'*!   Jk'si.!cs   In-in^'    m<»re   ex|NiM'd   than   th*     innri     At\i\ 
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in  it  the  adaptive  modifications  are  most  markedly  developed. 
The  entire  under  surface  is  markedly  red  and  hairy.  The 
outer  wall  and  cuticle  of  the  epidermal  layer,  all  over  the 
under  surface  of  the  leaflet,  are  thicker  than  on  the  upper 
surface.  Stomata  are  present  all  over  the  under  surface,  but 
only  one-third  to  one-fifth,  or  less,  of  the  number  present  on  the 
upper  surface,  and  the  guard-cells  have  markedly  thickened 
and  cuticularized  walls.  On  the  upper  surface  stomata  are 
abundant  all  over  the  leaflet,  being  less  abundant  at  the 
base  and  especially  abundant  at  the  apex. 

When  therefore  the  leaflets  of  J^fimosa  are  folded  together, 
only  the  red  and  hairy  parts  of  the  under  surfaces  of  the 
overlapping  leaflets  are  exposed,  whilst  the  fuliy  exposed 
under  surfaces  of  the  basal  pair,  and  the  exposed  edges  of  the 
other  leaflets,  are  markedly  red  and  hairy  and  contain  as 
compared  with  the  upper  surfaces  but  few  or  no  stomata. 
The  red  dye  protects  the  exposed  portions  of  the  more 
sensitive  under  surface  from  any  excessive  photo-chemical 
action  cau.sed  by  the  unnatural  exposure,  whilst  at  the  same 
time  transpiration  is  reduced  to  a  minimum. 

The  leaf  of  Mimosa  is  very  thin,  consisting  besides  the 
upper  and  under  epidermis,  of  a  single  layer  of  palisade- 
parenchyma  with  Urge  and  numerous  chlorophyll-grains,  and 
of  two  or  three  layers  of  spongy  mesophyll.  The  plant  is 
very  sensitive  to  drought  and  is  readily  injured  by  it,  the 
least  scarcity  of  water  causing  the  leaflets  to  fold  and  to 
remain  folded  for  some  time  after  the  plant  has  been  fully 
supplied  with  water  again  ;  whilst  if  the  drought  be  at  all 
prolonged  the  leaflets  may  never  recover  or  re-expand.  It 
is  hence  obviously  an  advantage  that,  whenever  a  wind  of 
suflicient  velocity  to  agitate  the  leaflets  is  blowing,  any 
excessive  and  injurious  transpiration  which  it  might  cause 
should  be  guarded  against  by  the  mechanical  stimulation 
causing  the  leaflets  to  fold  tc^ether.  At  night-time  the  folded 
position  of  the  leaflets  and  the  hairiness  of  the  exposed 
portions  act  as  a  protection  against  the  loss  of  heat  by  both 
transpiration  and  radiation. 


rv 
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On  the  upper  surface  of  the  pulvinus  the  epidermis  bears 
some  resemblance  to  a  columnar  epitheh'um,  the  outer  ends 
of  the  cells  being  rounded  or  conical,  whilst  the  cell-cavity 
is  filled  with  a  red  sap.  This  layer  probably  acts  as  a  pro- 
tection to  the  sensitive  pulvinar  tissues,  preventing  them  from 
being  too  readily  affected  by  light  falling  from  above.  As 
has  been  already  shown,  the  pulvinus  is,  probably  owing  to 
this  fact  and  to  the  transparency  of  the  pulvinar  tissues,  almost 
or  quite  as  readily  affected  by  illumination  from  beneath  as 
from  above ;  the  only  condition  necessary  being  that  the 
light  when  it  reaches  the  sensitive  pulvinar  tissues  shall  be 
of  sufficient  intensity  to  act  as  a  stimulus. 

From  the  foregoing  it  is  clear  that  the  red  colouration  found 
on  the  parts  of  the  under  surfaces  of  the  leaflets  of  Mimosa 
which  are  exposed  when  folded,  comes  under  the  same 
category  as  in  the  plants  previously  mentioned,  being  for 
the  purpose  of  shielding  the  transparent  spongy  mesophyll, 
in  which  the  higher  processes  of  synthetic  metabolism,  as 
distinguished  from  the  simpler  primary  assimilatory  pro- 
cesses, are  probably  especially  active,  from  the  injurious 
effects  of  the  exposure  to  which  it  might  wholly  or  in  part 
be  liable  when  the  leaflets  are  folded  together. 

In  some  cases,  however,  such  as  in  certain  B^onias,  in 
which  the  leaf  is  horizontally  expanded  and  the  red  dye  is 
present  only  on  the  under  surface  in  the  adult  leaf,  Stahl's 
interpretation  of  the  functional  importance  of  the  red  coloura- 
tion may  be  the  correct  one ;  for  even  excluding  all  such 
cases  occurring  in  cultivated  garden-plants  in  which  the 
peculiarity  might  be  due  to  artificial  selection,  still  cases 
remain  for  which  this  explanation  does  not  suffice.  Granting 
that  the  red  pigment  must  always  be  formed  for  a  useful 
and  definite  purpose,  its  well-defined  and  apparently  purpose- 
ful distribution  precluding  the  idea  of  its  being  an  accidentally 
coloured  useless  waste  product  of  metabolism,  it  is  difficult 
to  see  in  such  cases,  even  though  they  are  but  few  in  number, 
what  other  useful  function  it  could  possibly  have. 

As  regards  the  young  hanging-foliage  of  certain  tropical 
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trees,  Kecble '  has  already  shown  that  the  hanging  position 
acts  as  a  protection  against  excessive  transpiration  which 
is  very  apt  to  injure  the  young  leaves,  and  that  when  in 
addition  a  red  dye  is  present  the  decomposition  of  the  chloro- 
phyll by  exposure  to  strong  light  is  thereby  largely  prevented. 
The  temperature-determinations  which  Keeblc  made  at  the 
upper  and  under  surfaces  of  red  and  green  insolatcd  leaves 
o^  Amherstia  nobilis,  seem  to  point  to  the  following  explana- 
tion. On  the  upper  surface  of  the  red  leaf  the  temperature 
averages  I'^C  higher  than  on  the  upper  surface  of  the  older 
green  leaf,  owing  to  the  transpiration  being  less  and  the 
absorption  of  heat  being  greater  in  the  former  case  than  in 
the  latter;  whilst  at  the  under  surface  of  the  green  leaf  the 
thermometer  averages  a  degree  above  that  beneath  the  red 
leaf,  owing  to  the  green  leaf  being  more  transparent  to  radiant 
heat  than  the  red  one  is.  Any  injurious  increase  in  the  rate 
of  transpiration,  which  might  be  caused  in  the  young  red 
leaves  by  the  slight  increase  in  the  power  of  heat-absorption 
which  the  red  colouration  gives  them,  is  prevented  by  tfieir 
overlapping  and  hanging  position. 

It  is  evidently  of  considerable  interest  to  know  exactly 
what  power  of  assimilation  the  young  leaf  possesses  when 
in  the  hanging  position.  The  following  observations  made  in 
the  usual  manner  elucidate  this  point,  the  measurements 
in  length  (L)  and  breadth  (B)  being  given  in  terms  of  those 
of  the  fully  adult  leaf  :— 

Saraca  dedinata,  L  y^y,  B  ^.  Very  pale  yellowish  green,  apical  half 
pinkish  white.  No  power  of  assimilation  perceplible  except  along 
the  veins,  here  the  chlorophyll  grains  are  small  pale  yellowish  green 
and  faint  evolution  of  0  is  shown.  L  f ,  B  j'y.  Pale  yellowish  green, 
distinctly  green  along  the  veins,  apical  portion  pinkish  white. 
Chlorophyll -grains  moderately  large,  weak  assimilation,  moderately 
active  at  base  near  ribs,  in  apical  portion  faint  or  imperceptible. 

L  ^,  B  yj.  Chlorophyll-grains  fairly  large  and  green,  assimilation 
active  to  moderately  active,  leaflets  green  and  expanding. 

'  AnnnU  of  Uotany, 
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Brownea  capitellata^  L  J,  B  j^^.  Midrib  pale  green,  leaf  inrolled 
longitudinally,  chlorophyll-grains  quite  small  and  pale  yellowish 
colour,  no  assimilation  perceptible.  L  }  J-,  B  /^.  Leaf  just  unrolled, 
pale  brownish  green  along  veins,  here  in  parts  faint  assimilation,  in 
rest  of  leaf  none  and  only  faint  greenish  colouration.  L  ^,  B  ^. 
Expanded  and  nearly  fully  green,  assimilation  moderately  to  quite 
active. 

Amherstia  nobtliSy  Wall,  L  ^,  B  ^y.  Chlorophyll-grains  small 
and  pale  yellowish  green.  No  assimilation  perceptible.  L  j^,  B  4-* 
Assimilation  weak  to  imperceptible.  L  ^,  B  ^.  Chlorophyll-grains 
fairly  large,  still  somewhat  yellowish  green,  assimilation  weak.  L  f|, 
B  \^,  Still  quite  red  but  reddish  colour  disappearing  at  apex,  and 
leaflets  commencing  to  rise  and  expand.  Chlorophyll-grains  fairly 
large  and  yellowish  to  nearly  normal  green,  assimilation  weak  to 
moderately  active.  Leaflet  on  cut  branch  in  water  exposed  for  five 
hours  to  full  sunlight  slightly  fading  in  colour,  assimilation  imper- 
ceptible, being  next  day  weak  to  moderately  active.  L  ^,  B  |^.  Adult 
fully  green  leaf,  assimilation  active.  Leaflets  on  cut  branches  insolated 
for  five  hours  show  fairly  active  assimilation,  but  after  a  whole  day's 
insolation,  assimilation  is  fairly  active,  to  weak  or  in  some  cases  imper- 
ceptible, next  morning  being  fairly  active. 

In  Amherstia  it  is  only  when  the  red  colour  disappears  and 
the  leaf  is  expanded  and  green  that  assimilation  becomes 
fully  active.  In  the  hanging  position  the  assimilatory  power 
of  the  leaflets  being  feeble  or  absent,  the  loss  to  the  plant, 
by  the  non-exposure  of  the  leaflets  to  light,  of  material  which 
might  possibly  have  been  assimilated,  is  but  trifling;  whilst 
the  gain,  in  the  protection  afforded  against  excessive  transpi- 
ration or  exposure  to  strong  illumination  and  in  the  rapidity 
with  which  the  young  leaflets  are  thereby  enabled  to  develop, 
is  very  great.  If  branches  of  Amherstia  are  bent  so  that  the 
red  hanging  foliage-leaves  are  exposed  to  as  much  sunlight 
as  possible,  and  the  leaflets  are  supported  on  wires  and 
spread  out  in  a  horizontal  position,  they  may  wilt  or  fade 
at  the  edges  or  tip  or  over  irregular  areas  in  the  lamina, 
the  growth  of  the  leaflets  is  retarded  and  at  the  same 
time  the  exposure  to  excessive  illumination  causes  a  distinct 
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retardation  of  the  growth  and  turning  green  of  the  chlorophyll- 
grains.  If  the  leaflets  are  merely  spread  out  horizontally, 
but  not  otherwise  exposed,  so  that  the  rate  of  transpiration 
is  markedly  increased,  they  may  become  wilted,  and  their 
development  and  rate  of  growth  is  slightly  retarded.  This 
is  hence  certainly  a  case  in  which  any  power  of  increasing 
the  rate  of  transpiration  which  the  red  dye  may  possess  in 
virtue  of  its  feeble  action  as  a  heat- absorbing  medium,  does 
not  seem  to  be  of  any  advantage  but  rather  a  slight  dis- 
advantage to  the  plant,  were  it  not  guarded  against  by  the 
hanging  and  overlapping  position  of  the  leaflets ;  whilst  the 
protection  which  the  red  dye  affords  against  the  retarding  action 
that  light  of  too  great  intensity  exercises  on  the  growth  and  de- 
velopment of  the  young  and  especially  sensitive  chlorophyll- 
grains  is  clearly  of  the  highest  importance.  The  young  leaf  is 
not  to  be  regarded  as  an  assimiiatory  organ,  the  metabolism 
of  which  demands  a  large  supply  of  mineral  salts  and  hence 
also  of  water,  but  as  a  growing  organ  to  which  nourishment 
is  supplied  in  soluble  and  concentrated  form,  and  In  which 
a  comparatively  small  amount  of  transpiration  suffices,  along 
with  the  strong  osmotic  currents  maintained  by  the  continual 
removal  of  the  supplied  food-material,  to  provide  it  with  all 
it  requires. 

If  the  primary  function  of  the  red  dye  in  the  tropics  were 
to  increase  the  amount  of  transpiration,  then  it  would  be  only 
natural  to  expect  that  it  would  be  formed  in  greatest 
abundance  where  the  temperature  is  lower  and  the  air  more 
nearly  saturated  with  water-vapour.  The  very  opposite  is 
however  the  case.  Thus  at  the  foot  and  sides  of  the  volcanic 
mountain  of  Gedeh,  and  in  the  valleys  around,  very  many 
plants  have  a  reddish  colour,  especially  in  the  young  leaves. 
As  one  ascends  this  becomes  less  marked,  until  at  Tjibodas 
and  in  the  forests  above  it  (4,500  ft.  to  6,500  ft),  the  number 
of  plants  showing  a  red  colouration,  and  the  intensity  of  the 
latter  when  present,  reach  a  minimum.  The  vegetation  at 
this  elevation  is  almost  entirely  green,  a  few  plants  only, 
especially  if  growing  in  open  clefts  or  glades  in  the  forest. 
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having  more  or  less  rcddi.sh  youn^  Icivcs.  Vet  it  is  just  here 
where  «i  i)owcr  of  Ntimulattn^  transpiration  is  apfurently  most 
needed  ;  for  at  this  elevation  the  air  Ls.  during;  the  (greater 
|urt  of  the  time,  at  or  near  saturation •|x>tnt.  On  the  other 
hand  if  the  red  pif^ment  acts  as  a  protection  a(;ainst  sunlight, 
it  is  easy  to  understand  why  here,  where  the  sun  rarely  shines 
for  more  than  a  few  hours  daily  and  then  generally  through 
a  haze  of  clouds,  the  protective  red  pigment  should  almost 
entirely  dis^ip|>car :  for  it  is  just  the  more  refrangible  photo- 
chemical rays  which  the  air  saturated  with  water-vafwur 
absorbs  in  greatest  amount. 

At  the  summit  of  Tan^erango  (lo.oco  ft.)  and  for  a  few 
hundred  feet  Ixiow,  the  plants  are  in  one  or  more  character- 
istics markedly  xcrophilous  (hairs,  wax,  thick  epidermis  and 
cuticle,  few  stomata,  mucilaginous  or  fleshy  tissues,  reduced 
leaf-surface.  &c.).  and  very  many  have  a  pronounced  red 
c«*l<*uration  either  in  the  young  leaves  and  shoots  or  in  the 
adult  leaves  as  well.  Here,  just  above  the  cloud-belt,  the 
ex|>osure  to  light  is  greater  both  in  amount  and  intensity; 
\%hilst  the  drier  air.  the  lower  atnu^pheric  pressure,  and  the 
more  prevalent  wind,  all  render  the  rapid  evaporation  of 
water  easy.  From  too  intense  ex|K>sure  to  light  the  plants 
priitect  themselves  largely  by  means  of  the  red  pigment; 
\%hiNt  the  xerophilous  character  uhich  tlie  pLints  assume 
guards  them  against  excessive  transpirati<m,  to  which  the 
dinuulty  of  absorbing  water  in  sufficient  amount  when  the 
grouiitl  trm|K*rature  is  low  but  tlir  trm|K:rature  around 
the  aefial  parts  relatively  hii,;h,  a  fre«|uent  occurrence  at 
suih  elevatitins.  renders  them  esficc  ially  luble.  It  ap|irars 
therefore  that  where  transpiration  is  easy  but  the  ex|Misur€ 
to  b^ht  great,  the  red  <cilouration  1*1  ni«Mit  inarkcti,  but  where 
transpiration  is  diffi«  ult  and  the  ex|iosure  slight,  it  dmimishes 
or  disappcais. 

In  Java  at  the  ttMiuiienirnient  of  the  wet  S  W  mon%«HHl 
and  in  1.  r>Ion  at  the  rainy  loiitmrnirmrnt  of  IkkIi  inonsmins, 
the  vfyft.ition  aitjtiuis  a  tiiotr  markrd  retldi^h  tinge  thAA 
in  the  dry  |K.ri(j«l^  lictwceti  the  ni'invxins.      I  hii  is,  Imwever. 
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simply  due  lo  the  fact  that  the  young  foliage,  which  in  most 
tropical  plants  is  more  or  less  tinged  with  red,  is  very  much 
more  abundantly  formed  at  this  period  than  during  the  dry 
season.  Even  during  the  wet  season  in  West  Java,  there  is 
almost  always  bright  sunlight  until  mid-day,  lasting  often  till 
3  or  4  p.m.,  and  occasionally  all  day  ;  so  that  the  young 
foliage  which  the  rain  has  caused  to  be  produced  in  such 
abundance  is  exposed  for  six  hours  on  the  average  to 
very  bright  illumination,  the  sunlight  from  g-Ji  being  the 
brightest  of  the  day.  Hence  the  protective  red  colouration 
is  perhaps  quite  as  necessary  during  the  wet  season  as  during 
the  dry. 

An  interesting  fact  noticed  by  Stahl  (1.  c.)  is  that  in  the 
adult  leaf  the  guard-cells  of  the  stomata  are  always  without 
any  red  dye  even  though  it  may  remain  present  in  the 
epidermal  ceils  of  the  upper  surface.  The  importance  of  this 
Stahl  concludes  to  be  that  the  guard-cells  remain  cooler, 
transpire  less,  keep  open  longer,  and  hence  promote  trans- 
piration and  assimilation.  However,  Stahl  also  points  out 
that  in  many  plants,  especially  in  spring,  the  epidermal 
cells  immediately  around  the  stomata  have  a  red  sap,  and 
are  thereby  enabled  to  heat  the  points  at  which  the  water- 
vapour  escapes  and  hence  the  guard-cells  also- 

Instead  of  adopting  either  of  these  contradictory  explana- 
tions, it  is  perhaps  simpler  if  we  regard  the  absence  of  the 
protective  red  dye  from  the  guard-cells  of  the  stomata  as 
being  due  to  the  fact  that  they  are  essentially  organs  which 
react  to  light:  hence  it  is  Important  that  they  should  be 
exposed  to  the  same  intensity  of  light  as  is  falling  on  the 
surface  of  the  leaf  in  which  they  are  present,  even  though 
a  certain  risk  of  permanent  injury  may  thereby  be  incurred. 

Wiesner  '  states  that  a  portion  of  the  light  absorbed  by  the 
chlorophyll  goes  to  warm  the  chlorophyll-grain,  and  hence 
the  surrounding  parts  also ;  so  that  even  if  we  accept  Stahl's 
view,  the  absence  of  the  red  dye  from  the  guard-cells  may 
simply  be  due  to  the  fact  that  the  greater  amount  of  chloro- 

'  Wiesrer,  Sitinngsbcrichl  rl.  K,  Akad.  der  Wiss.  in  Wien,  Bd.  Ii»iv.  p.  i8;6. 
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]>hyli  which  they  contain  enables  thcin  to  iii.N|icnsc  with  any 
•ilKxial  and  very  much  Icsj  efficient  hcat-ab'i«>rl>in^  mcJium 
such  as  cr>'throphyll. 

That  the  stomata  are  markedly  sensitive  to  and  may  be 
injured  by  prolonged  exposure  to  JiUQlt^ht,  so  that  the 
presence  of  a  protective  red  dye  in  the  guard-cells  mif^ht 
|K>ftsibly  under  given  conditions  of  ex|x>sure  be  an  advantage 
to  the  plant,  is  shown  by  the  following  observations.  The 
adult  leaves  of  a  number  of  plants  having  stomata  on  both 
surfaces  were  expv^sed  to  bright  sunlight,  in  some  cases  the 
up|H*r  and  in  others  the  under  surface  being  the  exposed  one : 
the  epidermis  was  then  removeil  and  examined  under  optimal 
illumination  by  the  liacterium-method  to  ascertain  whether 
the  assimilat(>r>'  |X)wers  of  the  chlon^phyllous  guard-cells 
were  affectal  in  any  way.  The  guard-cells  arc  rather  sensi- 
tive  to  the  action  of  prolonged  sunlight ;  and  often  four  to 
five  hours'  ex|Kisure,  es|>ecially  when  it  is  the  under  surface 
which  is  ex|Kised,  is  sufficient  to  inhibit  their  assimilator)* 
activity,  the  |x)wer  as  a  general  rule  returning  again  in  from 
a  few  hours  to  a  day,  if  placed  under  conditions  which  |)ermit 
of  recover)'.  With  longer  exposure,  and  es|)ecially  if  sub- 
jected to  the  cumulative  eflfectN  of  ex|v)sure  extending  over 
several  days,  the  chlon>phyll-grains  are  more  or  less  com- 
pletely bicacheti,  and  may  tie  in  a  condition  «if  |iermanent 
light-rigor  from  which  no  recovery  w  imnHible.  It  is 
c<mimc»nly  the  case  that  in  exixiactl  leavers  u*hich  have  Inxn 
for  some  time  adult  but  uhich  .ire  still  «)iiitc  vigi»rous.  no 
|M»wcr  (»f  assimilation  can  i>e  dctrctol  in  the  giurd-cells 
of  the  stomata,  if  any,  on  ihr  up|)cr  surf.icc :  ami  this  may 
still  l>e  the  case.  es|>cci.dly  in  well-cx|M>scil  leaver  even  if 
previously  kept  under  conditions  which  pi-rmit  of  rct'ovrry, 
the  chloroplastidt  in  such  cars  firing  in  a  ciUHlititm 
»if  |irrmanrnt  li^jht -rigor.  The  guani  cells  from  the  uniirr 
'^nrf.ire  of  nonn.d  leaves,  whrn  rxamimd  in  the  mornmg. 
atinovt  withiMit  «  xcrption  show  a  more  or  liss  marked  |M>wcr 
ot  i^^strnil  iti>»n  .mil  this  (htsiM^  until  thr  det  line  of  the  leaf 
1  oftniii  iK'e^ 
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Bearing  these  facts  in  mind,  it  is  easy  to  understand  that, 
in  much  exposed  and  horizontally  expanded  bifacial  leaves, 
it  should  be  an  advantage  to  the  plant  to  have  the  stomata 
restricted  entirely  or  almost  entirely  to  the  under  surface 
of  the  leaf;  whereas  in  an  erect  leaf,  or  one  growing  in  the 
shade,  the  stomata  tend  to  be  more  evenly  distributed  over 
both  surfaces.  It  is  interesting  to  notice  that  in  a  bifacial 
leaf,  with  more  than  one  layer  of  palisade- parenchyma, 
owing  to  the  stomata  being  more  abundant  on  the  under 
surface  of  the  leaf,  the  amount  of  assimilation  performed  by 
the  different  layers  of  the  palisade- parenchyma  tends  to  be 
equalized  under  normal  conditions  of  exposure  and  illumina- 
tion, the  deeper  layers  coming  into  contact  with  air  containing 
a  higher  percentage  of  CO^',  whilst  the  upper  ones  are 
exposed  to  stronger  illumination. 

Stahl  mentions  that  the  marked  red  colouration  which  the 
stigmas  of  many  ancmophilous  plants  show,  may  be  for 
the  purpose  of  raising  the  temperature  of  the  stigma,  and 
hence  aiding  the  growth  and  germination  of  the  pollen,  on 
which,  according  to  Stahl,  light  exercises  no  perceptible 
influence.  In  a  previous  paper  ^  it  has  however  been  shown 
that  exposure  to  light  of  marked  intensity  exercises  a  distinct 
influence  on  the  germination  of  the  pollen-grain,  and  more 
especially  retards  the  growth  in  length  of  the  pollen-tube. 
Hence,  considering  the  generally  much  exposed  condition 
of  the  stigmas  of  ancmophilous  plants,  it  is  very  evident 
that  the  red  dye  even  in  this  case  may  be  of  paramount 
importance  as  a  protection  against  the  inhibitory  action 
which  strong  light  exercises  on  the  growth  and  elongation 
of  the  pollen-tube. 

In  the  case  of  alpine  and  arctic  plants,  the  slight  additional 
absorption  of  heat  which  the  red  dye  causes,  may  be  of  some 
use ;  but  in  all  cases,  other  things  being  equal,  an  increased 
absorption  of  heat  means  an  increased   transpiration,  which, 

'  Blackman,  Oo  [he  Palb  of  the  Gaseous  Inteichaiigei  in  the  Leaf;  Proceedingi 
oflhc  Kojial  Sodety,  itiifd. 

■  ObKivBtioni  on  llie  rollen-tube  r  Trans.  Liverpool  Kol.  Soc.,  Vol.  U,  1895. 
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in  alpine  plants  without  a  marked  xerophilous  ^  habit,  might 
be  distinctly  injurious,  owing  to  the  difficulty  of  absorbing 
water  from  the  cold  ground  in  sufficient  amount  to  cope 
with  the  rapid  evaporation  caused  by  the  low  pressure 
and  dryness  of  the  air.  Besides,  the  insolation-temperature 
in  alpine  r^ions  is  already  sufficiently  high :  it  is  at  night 
and  when  shaded  that  an  absorption  of  heat  might  be  of 
considerable  use. 

In  Haemaiacoccus  and  similar  forms  the  light-protecting 
function  of  the  red  dye  is  probably  the  most  important  one ; 
for,  as  Schroder  *  and  Klebs  ^  have  shown,  the  common 
presence  of  a  red  dye  in  the  resting- spores  of  many  Algae 
is  of  importance  as  a  protection  against  the  decomposition 
to  which  the  chlorophyll  in  such  cases  is  especially  liable 
when  exposed  to  light  Thus  the  gfreen  zygotes  of  Hydro^ 
dictyon  may  remain  living  if  dried  in  darkness,  but  if  exposed 
to  light  become  decolorized  and  die. 

Stahl  considers  the  fact  that  the  red  colouration,  which  the 
young  shoots  of  plants  growing  in  cold  climates  generally 
show  in  spring,  commonly  disapi>ears  on  the  advent  of  the 
first  few  warm  days,  as  being  conclusive  evidence  pointing 
to  the  red  dye  being  of  importance  as  a  means  of  raising 
the  temperature  of  the  young  growing  parts.  It  is  however 
just  when  the  temperature  is  low  that  the  chlorophyll-g^in 
is  most  liable  to  the  decomposition  induced  by  the  action 
of  light  ^  and  when  the  light,  if  sufficiently  intense,  most 
markedly  retards  the  development  and  turning  green  of  the 
etiolated  chloroplastid. 

If  plants  of  Elodea  canadensis^  or  Uiricularia  vulgaris  are 
immersed  in  weak  sugar-solution  kept  at  ordinary  room- 
temperature  and  exposed  to  strong  light,  they  may  show 
a  marked  tendency  to  form  a  red  dye,  whereas  in  water  or 

'  Lazniewski,  Beitrage  zar  Biologie  der  Alpenpflanzen :  Flora  LXXXII,  1896, 
pp.  224-267. 

*  Schroder,  Bot.  Untersuch.  Tubingen,  Bd.  ii,  Hft.  i,  18S6. 
'  Klebs,  Bot.  Untersuch.  Tubingen,  1883,  Bd.  i,  Hft  a. 

*  See  Assim.  Inhibition :  Journal  Linnean  Society,  1896,  p.  390  (Coniferse). 

^  Aitoim.  Inhib. :  Journal  Linnean  Society,  Vol.  xtxi,  1897  (Botany),  p.  567. 
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diffuse  daylight  but  little  or  none  is  formed.  Hence  under 
conditions  in  which  the  chlorophyll-grain  tends  to  become 
unhealthy  and  its  assimilatory  activity  to  become  inhibited  ', 
a  red  dye  protecting  it  from  the  effects  of  excessive  exposure 
to  which  it  is  now  specially  sensitive,  tends  to  be  formed. 
The  non-formation  of  the  red  dye  under  exp:)sure  to  weak 
diffuse  daylight,  is  strong  though  not  conclusive  evidence  that 
the  red  dye  is  not  merely  an  accidental  metabolic  product 
formed  under  these  peculiar  conditions  of  nourishment. 
Obviously,  since  the  plants  are  submerged,  it  cannot  possibly 
be  for  the  purpose  of  increasing  what  is  non-existent,  i.e. 
transpiration,  nor  can  it  perceptibly  raise  the  temperature 
of  a  submci^ed  water-plant.  When  a  red  colouration  is 
present  in  underground  parts  (Bcct-root,  S;c.)  which  are  not 
exposed  to  light  or  only  to  very  faint  illumination,  it  may 
very  possibly  be  a  waste  metabolic  product  accidentally 
produced,  and  perhaps  without  any  special  function. 

J.  C.  Costerus'  finds  that  in  most  tropical  plants  before 
6  a.m.  an  abundance  of  starch  is  present,  that  it  decreases 
rapidly  until  7  a.m.,  then  increases  again  and  reaches 
a  maximum  in  some  plants  at  noon,  and  in  others  not  until 
4  or  5  p.m.  During  the  night  but  little  starch  is  removed, 
and  Costerus  concludes  that  light  probably  exercises  a  most 
important  influence  in  favouring  the  translocation  of  carbo- 
hydrates. Pick  *,  on  the  other  hand,  long  ago  came  to  the 
conclusion  that  light  inhibits  or  retards  the  translocation 
of  carbohj  drates,  and  that  the  red  dye  is  developed  as 
a  protection  against  this  action  of  light.  Pick's  interpreta- 
tion of  the  function  of  the  red  dye  has  already  been  shown  * 
to  be  only  a  special  and  less  important  case  of  its  general 
protective  function.  The  slow  removal  of  the  accumulated 
starch  at  night,  and  its  rapid  diminution  in  the  early  morning 
when  exposed  to  tight,  are  not  necessarily  due  to  any  direct 

'  Loc.  eil.  footnote  5,  p.  477. 

'  Costerus,  Ann.  d.  Jar.  Bot.  de  Builcnioi^,  p.  73,  Vol.  (ii,  Ft.  I,  1894. 

'  Pick,  in  Rot.  Ccntralblatt,  XVI,  pp.  g-ia. 

*  Linnean  Soc.  Journal,  1896  tUot.),  p.  4^5. 


Ewart. —  Tlu  Effects  of  Tropical  Insolation.     479 

influence  of  light  on  translocation,  but  may  be  indirectly  clue 
to  the  li(;ht  causing;  a  markedly  increased  transpiration,  and 
50  increasing  the  velocity  of  the  conductit»n-currents  as  to 
rapidly  remove  the  soluble  carbohydrate  as  fast  as  it  is 
formed,  thereby  permitting  of  the  rapid  solution  and  removal 
(»f  the  accumulated  starch.  At  the  same  time  it  is  in  tlie 
early  morning,  as  the  temperature  rises,  and  before  the  light 
becomes  too  strong,  that  growth  is  most  active,  and  the  stored 
material  is  most  rapidly  used  up. 

There  can  be  little  doubt  that,  both  in  the  tropics  and  in 
temperate  climes,  the  main  and  primar>'  function  of  the  red 
dye,  when  prcsciit  in  ex|x>sed  |>arts,  is  to  act  as  a  protection 
against  light  of  too  great  intensity;  though  in  all  cases  its 
lircscnce  at  the  same  time  confers  upon  the  plant  a  slightly 
increased  |K>wer  of  absorbing  heat.  For  calling  attention  to 
this  btter  |H>ssibiIity  Stahl  descr\'es  full  credit  from  both  the 
physiolijgiftt  and  the  biologist :  in  a  few  cases,  such  as  in  the 
horizontal  leaves  df  shade  plants  having  the  red  colouration 
present  on  the  under  surfaces  only,  the  relatively  slight  heat- 
absorbing  |)ower  of  the  ral  dye  may,  by  secumlary  adaptation, 
luve  become  its  most  im|M>rtant  functi<  »n. 

SrMMAKV. 

In  tr(»pical  plants  full  .ind  proIon}^ctl  ins«ilati<>n  may 
nurketlly  atTect  or  tem|Mirarily  inhibit  the  functiiHul  acti\ity 
(»r  the  asHiinilating  |»art%.  If  the  Hti>pp.i^c  l>e  tem|>(»faty,  it 
is  generally  accoin|unietl  by  but  little  change  in  colour  .  but 
if  |H:rnianent,  the  colour  of  the  chlorophyll-grains  is  markedly 
aiTevtctl,  AViA  thty  may  Im:  complete ly  bleaihetl.  l>iflrerent 
plants  show  ver>'  ditTcreiit  re^^istant  |M>wers,  shade -K»ving  plants 
Inin^;,  .IS  might  naturally  Ih*  cx|iectcd,  the  least  re^iNt.int. 

The  leaves  arc  prutcctid  against  the  injurtoun  1  fleets  of 
exir\ai\e  exj>i»»ufc  by  the  preNcnce  «»f  a  red  dyc  and  by 
.utive  or  {uHsive  |»araheli4>trnpic  movements.  The  active 
m«>vrni(i)ts  \\r  l>e%t  ^hi>wn  bv  the  motile  leaves  of  the 
l.c  ([uniiiV'N.i< .   tlu     pviUiiii    iKtng   the    motile   and    irritable 
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perceptive  oi^ans.  In  Mimosa  pudica  the  irritability  is  very 
marked  and  wel!  differentiated,  the  main  pulvini  responding 
to  the  direction  of  the  light  in  a  diaheliotropic  manner,  the 
puivini  of  the  leaflets  responding  to  the  intensity  only  of  the 
illumination,  being  paraheliotropic  in  intense  light,  diahelio- 
tropic in  diffuse  daylight,  and  nyctitropic  in  very  weak  light 
or  darkness.  It  is  mainly  to  the  photochemical  rays,  which 
are  most  active  in  inducing  the  decomposition  of  chlorophyll, 
and  in  inducing  light-rigor,  that  the  pulvinus  of  the  leaflet 
responds. 

The  red  pigment  acts  mainly  and  primarily  as  a  protective 
sh'cld  against  the  more  refrangible  rays  (green  and  blue). 
It  has  also  a  feeble  heat-absorbing  power,  which  may,  in 
a  few  cases,  possibly  be  of  considerable  or  even  primary 
importance. 


NOTES. 


THE  GAMETOPHYTB  OF  BOTBYCHIUM  VIBaiNIA- 
NTJM. — At  the  suggestion  of  Dr.  Scott,  the  following  note  on  the 
gametophyte  of  Boirychium  virginianum  has  been  prepared  by 
the  writer. 

The  account  is  slightly  modified  from  an  abstract  published  in  the 
proceedings  of  the  Canadian  Institute,  Vol.  i,  Part  I,  1897.  A  full 
description  with  the  necessary  plates  and  references  to  the  literature 
will  shortly  appear  in  the  Transactions  of  the  Canadian  Institute. 

A  complete  description  of  the  gametophyte  of  the  Ophioglossaceae 
has  long  been  a  desideratum.  Since  the  discovery  by  Mettenius,  in 
1856,  of  the  subterranean  prothallium  of  Ophioglossum  pedunculosum^ 
and  by  Hofmeister,  in  1857,  of  that  oi  Boirychium  Lunaria^  nothing 
has  been  added  till  recently  to  their  necessarily  incomplete  accounts 
of  the  gametophyte  in  these  species.  Our  latest  knowledge  on  this 
subject  is  derived  from  a  brief  description  of  rather  advanced  material 
of  the  prothallium  of  Boirychium  virginianum  found  in  1893  ^ 
Grosse  Isle,  Michigan,  by  Professor  Douglas  Campbell,  which  was 
published  in  the  proceedings  of  the  Oxford  meeting  of  the  British 
Association  in  1894. 

A  more  extended  description  of  the  same  material,  together  with 
an  account  of  the  first  stages  in  the  germination  of  the  spores  of 
B,  virginianum  and  Ophioglossum^  appeared  in  his  'Development 
of  Mosses  and  Ferns'  (1895).  These  prothallia  did  not,  however, 
supply  the  stages  in  the  development  of  the  sexual  organs  and  the 
sporophyte. 

During  the  summer  of  1895,  the  writer  secured  a  large  number 
of  prothallia  of  the  same  species  at  Little  Metis  in  the  Province  of 

[Annals  of  Botany,  VoL  XI.  No.  ZLIII.  September,  1807.] 


482  Notes. 

Quebec.  On  examination  it  was  found  that  the  material  thus  ob- 
tained afforded  a  compleie  elucidation  of  the  development  and 
struclure  of  the  anlheridia  and  archegonia,  and  a  less  satisfactory 
series  of  siages  in  ihe  segmentation  of  the  embryo.  Last  summer 
Ihe  remaining  prothallia  were  removed,  lo  the  number  of  about 
six  hundred,  and  although  Ihej-  have  only  been  partially  studi'^d  yet, 
owing  to  technical  difiiculiies  in  embedding  them,  those  examined 
have  supplied  all  the  lacking  stages  of  the  development  of  the  young 
sporophyte. 

All  the  younger  prothallia  were  found  in  a  single  circular  depression 
of  Sphagnum-moss  about  ten  feel  in  diameter,  near  a  corduroy  road, 
running  through  the  wooded  margin  of  a  peat  and  huckleberry  swamp 
at  Little  Metis,  P.  Q.  Older  prothallia  were  abundant  with  those 
bearing  fertilized  and  unfertilized  archegonia  and  younger  embryos. 

I  have  also  found  young  sporophylea  of  several  years'  growth  in 
the  woods  on  the  heights  back  of  Metis ;  in  the  '  Flats '  below  the 
'  Whirlpool '  on  the  Niagara  river,  and  also  in  rich  woods  along 
the  valley  of  the  Don,  near  Toronto.  In  all  the  examples  last  re- 
ferred to  Ihe  young  spore-plant  was  still  attached  to  the  gametophyte. 
It  seems  probable  that  the  prothallia  of  our  common  Canadian  species 
of  Bolrychium  are  much  more  easily  obtainable  than  has  been  hitherto 
supposed.  It  is  necessary  lo  add,  however,  that  although  my  attention 
has  been  directed  to  the  subjoct  for  seme  three  )-ears  past,  !  have 
not  yet  succeeded  in  finding  the  younger  stages  of  the  prothallia  in 
any  other  spot  than  the  Sphagnum-basin  in  the  swamp  at  Little  Metis. 

The  gamelophyte  of  Bolrychium  virginianum  is  of  flattened  oval 
shape,  the  narrower  end  of  the  prothallium  being  terminated  by  the 
growing-point.  My  specimens  are  from  two  to  eighteen  millimetres 
in  length,  by  one  and  a  half  to  eight  millimetres  in  breadth. 
Their  thickness  increases  from  the  growing  apex  backwards. 
The  sides  and  lower  surface  of  the  prolhallium  are  covered  in 
younger  specimens  with  multicellular  hairs.  In  older  plants  these 
tend  to  disappear.  The  middle  of  the  upper  surface  is  occupied 
by  a  well-defined  ridge,  upon  which  the  antheridia  are  situated. 
The  archegonia  arc  found  on  the  declivities  which  slope  away  from 
the  antheridial  ridge. 

As  might  be  expected,  the  younger  sexual  organs  are  found  nearer 
the  growing-point  than  those  of  greater  age. 

A  cross-section  of  the  prothallium  reveals  10  the  naked  eye  the 
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fact  that  the  lower  part  of  the  gametophyte  is  composed  of  tissue 
which  is  yellowish  in  colour,  and  from  which  a  thick  oil  exudes, 
even  when  the  plant  has  been  lying  in  ninety  per  cent,  alcohol  for 
months.  The  upper  portion  of  the  prothallium-tissue,  upon  which 
the  generative  organs  are  situated,  is  white  in  colour  and  free  from 
oil.  A  longitudinal  section  of  the  prothallium  shows  the  same  dis- 
tribution of  yellow  oil-bearing  and  white  oil-free  tissue  as  the 
cross-section,  but  demonstrates  that  the  oil-bearing  stratum  is  both 
absolutely  and  relatively  much  thicker  in  the  older  parts  of  the  plant. 

Microscopic  examination  shows  that  the  oleiferous  tissue  has  its 
cells  occupied  by  an  endophytic  Fungus  and  a  very  abundant 
protoplasm. 

The  Fungus,  so  far  as  it  has  yet  been  studied,  seems  to  be  a  sterile 
PyihiuMy  possibly  the  same  as  that  found  by  Treub,  Goebel  and 
others,  in  the  prothallium  of  species  of  Lycopodium.  The  writer 
hopes  to  investigate  the  Fungus  more  closely  in  a  living  condition 
during  the  next  period  of  vegetation.  The  Fungus-filaments  can  be 
seen  passing  from  the  prothallium  to  the  outside  medium  by  way  of 
the  root-hairs. 

The  prothallium  seems  to  be  entirely  saprophytic  in  its  mode  of 
life;  as  quite  young  examples,  bearing  as  yet  only  antheridia,  were 
found,  which  were  nevertheless  yellow  in  colour  and  wholly  sub- 
terranean. They  showed  no  evidence  of  a  scar,  indicating  a  possible 
origin  from  a  green  subaerial  phase,  even  when  examined  under 
considerable  magnification ;  and  in  fact  the  depth  of  their  occurrence 
in  the  moss  (in  many  cases  10  cm.  or  more)  would  seem  in  itself 
to  preclude  such  a  mode  of  origin.  Moreover,  Mettenius  found  in 
the  case  of  Ophioglossum  pedunculosum,  that  the  subterranean  sapro- 
phytic stage  was  antecedent  to  the  green  lobes,  appearing  above 
the  soil.  Somewhat  similar  conditions  have  been  described  by  Treub 
in  species  of  Lycopodium, 

Campbell  describes  the  appearance  of  chlorophyll  in  the  ger- 
minating spores  of  this  species,  but  it  may  have  originated  from  the 
spores  being  sown,  contrary  to  the  natural  conditions,  in  the  light. 
The  writer  is  experimenting  with  growing  spores  in  darkness,  but 
sufficient  time  has  not  yet  elapsed  for  germination  to  take  place. 

The  antheridia,  as  has  been  already  stated,  occur  in  numbers  on 
a  ridge  running  lengthwise  on  the  upper  surface  of  the  prothallium. 
The  young  antheridia    originate   behind    the   growing-point    from 
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a  single  superficial  cell.  This  divides  transversely,  the  ouicr  1 
giving  rise  to  the  outer  aniberidial  wall  and  the  inner  half  by  rci>rate<1 
simultaneous  divisions  lo  a  large  number  of  spermaiocyles.  The  fully 
developed  antheridium  is  largely  embedded  in  the  aniheridial  ridge, 
and  projects  only  slightly  above  its  surface.  The  formation  of  the 
Bpermatozoids  has  not  yet  been  carefully  studied,  but  seetns  to 
resemble  closely  that  described  in  the  Marattiaceae  and  Equisctaccae. 
The  spermatozoids  are  usually  large  in  size,  but  otherwise  resemble 
the  ordinary  Fern-type,  and  consequently  differ  from  the  biciliaie 
Moss-like  spermatozoids  of  the  Lycopodiales, 

The  archegonia  are  confined  to  the  sloping  sides  of  the  np^r 
surface  of  the  prothallium.  Unltke  the  antheridia,  young  archegonia, 
although  most  abundant  near  the  growing- point,  may  be  formed  on 
almost  any  part  of  the  archegonia-bearing  surface.  The  mother-cell 
of  the  archegonium  is  superficial,  and  b  distinguished  from  its  neigh- 
bours by  a  large  nucleus  and  a  more  abundant  protoplasm.  Il  first 
divides  transversely  into  a  shallow  outer  cell  and  a  deeper  inner  celL 
The  inner  cell  divides  again,  and  as  a  result  the  young  archegonium 
consists  of  three  cells.  The  most  external  of  these,  by  subsequent 
divisions,  give  rise  to  ihe  neck  of  ihe  archegonium.  The  internal 
cell  is  the  basal  cell.  It  also  divides  into  a.  plaie  of  cells,  some- 
times composed  of  two  layers,  distinguished  by  their  richly  proio- 
plasmic  contents.  Ihe  middle  cell  of  the  young  archegonium-series 
gives  rise  by  division  lo  the  neck-canal -cell  and  to  the  ventral  cell. 
The  former  becomes  binucleate,  but  never  divides  into  two  cells.  The 
lalter,  just  before  the  maturation  of  the  archegonium,  divides  into 
the  egg-cell  and  the  ventral  canal-cell.  The  ventral  canal-cell  is 
broad,  like  that  of  the  Maratiiaceae. 

In  the  ripe  archegonium,  the  nuclei  of  ihe  cells  of  the  upper  stories 
of  the  archegonium-neck  become  chromatolysed.  I  do  not  know  yet 
whether  this  feature  is  peculiar  to  Bolryckium. 

The  fully-developed  archegonium  is  sunk  into  the  prothallinin, 
and  only  the  neck  projects  above  its  surface.  The  cervical  cells 
are  in  four  rows  as  in  the  other  Pteridophyta,  and  the  terminal  ones 
spring  apart  when  the  egg  is  rip>e. 

Spermatozoids  are  frequently  found  in  contact  with  the  egg.  After 
fertilization  the  egg  grows  to  many  times  its  original  size,  and  the 
reduced  protoplasm  contains  a  large  hydroplastid. 

The  first  division  of  the  oospore  is  across  the  long   axis  of  the 
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archegonium.  The  next  division  is  parallel  with  the  long  axis  of 
the  prothallium,  and  at  right  angles  to  the  first.  The  third  cross-wall 
is  in  the  transverse  direction  of  the  prothallium,  and  at  right  angles 
to  the  other  two.  I  have  been  unable  to  follow  satisfactorily  the 
subsequent  divisions.  The  organs  appear  very  late,  and  only  after 
the  embryo  has  attained  a  large  size.  The  root  is  the  first  of  them 
to  emerge,  and  the  proliferation  of  the  cells,  indicating  its  place  of 
origin,  is  long  unmarked  by  the  presence  of  an  apical  cell.  The 
cotyledon,  stem-apex,  and  the  foot,  appear  nearly  simultaneously. 
The  root  and  cotyledon  originate  from  the  upper  part  of  the  em- 
bryonic mass;  the  foot  and  stem-apex  from  its  lower  cells.  The 
apex  of  the  root  in  many  cases  is  in  the  same  straight  line  with  the 
canal  of  the  archegonium-neck. 

It  seems  hardly  possible  to  derive  the  organs  from  definite  octants 
of  the  embryo. 

The  growth  of  the  root  ruptiu'es  the  calyptra,  and  its  exit  is 
followed  somewhat  later  by  that  of  the  cotyledon.  The  latter  is  not 
a  bilaterally  symmetrical  structure,  as  in  most  Ferns,  but  is  of  the 
same  palmate  type  as  is  found  in  the  Osmundaceae.  The  cotyledon 
l)egins  to  assimilate  as  soon  as  it  reaches  the  surface  of  the  ground, 
and  thus  resembles  that  of  Ophioglossum  pedunculosum. 

There  seems  to  be  no  evidence  to  indicate  that  more  than  the 
cotyledon  appears  above  ground  in  the  first  season  of  the  young 
plant's  growth.  In  following  summers  apparently  only  a  single  leaf 
is  produced,  as  is  the  case  with  the  older  plant  I  have  found  young 
sporophytes,  bearing  their  sixth  leaf,  still  attached  to  the  mother- 
prothallium ;  and  as  I  have  never  found  more  than  one  leaf  on  the 
young  spore-plants  at  once,  and  as  the  leaves,  like  other  organs  of 
this  species  of  Boirychiumy  are  extremely  resistant  to  decay,  I  am 
reasonably  certain  that  such  examples  were  in  the  sixtli  year  of  their 
existence.     This  longevity  of  the  gametophyte  is  of  some  interest. 

One  frequently  finds  two  or  more  sporophytes  on  a  single  pro- 
thallium,  and  in  many  of  these  cases  the  apex  of  the  prothallium 
is  bifurcated.  In  one  case  I  found  two  spore-plants  which  had  arisen 
from  a  single  embryo.  In  another  case  I  discovered  two  tracheids 
in  a  prothallium  in  the  vicinity  of  a  decayed  young  spore-plant.  The 
latter  may  have  been  of  apogamous  origin,  as  a  similar  phenomenon 
p:cncraily  acxompanies  apogamy.  I  have  not  yet  studied  thoroughly 
the   growing  region  of  the  prothallium,  as   it  is  best  examined  in 
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longitudinal  sections  of  the  garaetopliyte.  So  far  as  I  have  invesii- 
gaied  the  matter,  there  seems  to  be  evidence  of  the  existence  of  an 
apical  cell.  E.  C.  JEFFREY. 

UNiVERiiTv  OP  Toronto, 
May  j8,  1897. 

BACTERIA  WITH  ASSIMILATOBT  PiaMEOTrs,  FOUND 
IN  THE  TROPICS. — The  following  Bacteria,  having  a  greenish 
colouration  and  showing  when  exposed  to  light  a  faint  evolution  of 
oxygen,  perceptible  by  means  of  motile  Spirilla  or  Micrococci  and 
very  exceptionally  causing  Baclerium  termo  to  faintly  re-act,  were 
found  in  water -cultures  of  more  or  less  purity  developed  in  diifusc 
daylight  at  Buitenzorg:  viz,  a  motile  green  Bacleriura=5.  chloriaum 
(Engelmann)  ' ;  a  non-moti!e  Micrococcus- form  to  which  the  pro- 
visional name  of  Slnptococcus  variam '  has  previously  been  given ; 
two  forms  closely  resembling  Van  Tieghem's  Bacillus  virtm  and 
Baclerium  viride ' ;  two  green  Spirilla,  one  resembling  5.  lame  and  the 
Other  S.  undula  \  and  finally  a  large  Bacillus-form  somewhat  re- 
sembhng  the  Bacillus  virtm  of  Van  Tieghem,  This  last  form  occurs 
as  short  rods,  a-5  to  3  ;i  broad  and  commonly  1 3  to  1 5  f,  more  rarely 
5  to  30 /I  long.  A  formation  of  colourless  refraciile  endoajtorous 
spores  is  often  shown.  The  spores  arc  oval  and  is  to  a^i  broad 
by  3  to  3-5  fi  long.  In  all  cases  the  pigment  is  diffused  throughout 
the  plasma  of  the  bacteroid-cell,  and  this  is  especially  clearly  shown 
in  the  large  Bacillus  virtm  and  Spirillum  undula  forms. 

Of  the  two  more  common  red  water- Bacteria,  Monas  okenii  was 
not  found  in  either  Java  or  Ceylon,  but  Bacterium  pholomelricum  was. 
In  Java  B.  pholomelricum  appears  to  be  abundant  and  widely  dis- 
tributed. In  water-cultures  exposed  to  diffuse  daylight,  the  Bacteria 
collect  in  the  form  of  a  red  crust  upon  the  walls  of  the  cylinder. 
By  removing  this  crust  a  large  mass  of  the  red  Bacteria  may  be 
obtained ;  which  if  the  growth  is  of  recent  formation  may  be  nearly 
pure,  and,  what  is  of  more  importance,  almost  entirely  free  from 
other  coloured  Bacteria  or  Confervae.  If  to  the  brownish  red  mass 
thus  obtained  alcohol  is  added,  the  resulting  Huid  is  reddish  in  colour, 
turning  to  a  dark  dirty  green  on  warming.     If  ether  is  now  added 

'  Engelmann,  Zur  Biologic  dct  Sctuiomycelen,  Dot.  Z«it.  iSSi. 

'  The  Evolnlion  of  Onygea  by  coluuicd  Bactciia:  Journal  of  thu  Lionem 
Society,  1897. 

■'  Vnn  TieKhem,  Bull.  Soc.  France,  XXVII,  1880,  p.  174. 
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and  the  mixture  then  diluted  with  water  and  shaken,  the  ether 
separates  and  rises  to  the  surface  as  a  dark  bluisli  green  fluid,  showing 
a  red  fluorescence,  whilst  the  fluid  beneath  is  colourless  and  contains 
a  white  flocculent  residue.  As  the  ether  evaporates,  a  pinkish  red  dye 
which  it  also  holds  in  solution,  but  which  is  masked  by  the  green  dye, 
is  deposited  in  rings  at  the  edges  and  on  the  sides  of  the  tube  or 
evaporating  basin.  If,  instead  of  using  ether,  the  separation  of  the 
green  dye  from  the  warmed  alcoholic  extract  is  effected  by  benzene, 
the  fluid  beneath  remains  a  pinkish  red,  whilst  the  supernatant 
benzene  is  dark  bluish  green  in  colour,  and  shows  a  red  fluorescence 
in  reflected  light.  The  alkali  and  acid  methods^  of  extraction  for 
alkachlorophyll  and  chlorophyllan  yielded  brownish  fluids  only. 
Both  the  benzene  and  the  ether  extracts,  when  exposed  to  light  and 
in  the  presence  of  oxygen,  rapidly  become  brown  and  fade.  It  is 
true  that  the  material  from  which  these  extractions  were  made  was 
not  absolutely  pure,  microscopical  examination  before  extraction 
showing  the  presence  of  occasional  green  organisms ;  and  even 
though  these  formed  but  a  fraction  of  a  percentage  of  the  total 
mass,  still  for  absolute  certainty  the  extraction  needs  to  be  repeated 
with  perfectly  pure  cultures,  which,  owing  to  the  peculiar  conditions 
under  \\  hich  B,  photometricum  develops,  and  the  consequent  extreme 
difficulty  of  isolating  it,  are  by  no  means  easy  to  obtain  in  sufficient 
quantity.  Still  as  far  as  they  go  the  facts  above  mentioned  seem  to 
indicate  that  a  green  dye  apparently  identical  with  chlorophyll  may  be 
extracted  from  B,  phoiomeiricum^  as  well  as  a  pinkish  red  one  which 
is  insoluble  in  benzene  but  soluble  in  ether,  and  in  alcohol  even  when 
diluted  largely  with  water.  Engelmann '  has  shown  that  the  point  of 
maximal  assimilation  in  B.  phoiometricum  corresponds  with  the  point 
of  maximal  absorption,  which  curiously  enough  lies,  as  determined  by 
his  bolometer  experiments,  in  the  dark  ultra-red  rays.  It  appears, 
therefore,  that  B,  phoiometricum  resembles  the  Florideae  in  so  far  as 
the  bacterio-purpurin  which  it  contains  is  a  compound  assimilatory 
chromophyll,  which  when  treated  with  hot  alcohol  splits  up  into  two 
differently  coloured  substances,  namely,  chlorophyll  and  a  pinkish 
red  pigment  which  in  colour  and  solubility  shows  a  distinct  resem- 
blance to  the  pinkish  red  pigment  which  may  be  extracted  from 
red  Algae.  A.  J.  EWART. 

*  See  Marchlcwski,  Chlorophyll  and  its  Derivatives. 

*  Engelmann,  Hot.  Zeitg.,  Oct.  1888. 
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STUDIEB     TS    TSE     MOHPHOLOaiT 
DUCINa    MBHBH1K8:      PAHT    HI.    MABATTIACEAB.      By 

F.  O.  Bower,    Sc.D.,    F.R.S.,    Regius    Professor   of  Boianj-  in    the 
University  of  GlasRow'. 

The  memoir,  of  which  this  is  an  abstract,  deals  with  the  sori  of  all 
the  four  living'  genera  of  Maratlinceae ;  (he  development  has  been 
traced  in  AngiopUris  and  Marallia  from  the  earliest  sta^s  lo 
maluritj-,  in  Dunaea  and  Kaulfussia  fiom  such  early  condition  as  the 
material  would  permiL  Some  of  the  results  from  Danaea  have  been 
already  submitted  to  the  Society  in  a  preliminary  statement*.  One 
result  of  the  investigation  has  been  to  demonstrate,  as  regards  their 
development,  the  substantial  unity  of  type  of  the  sporangia  in  the 
four  genera.  In  all  of  them  a  single  '  superficial  parent  cell '  of 
prismatic  form  is  to  be  recognized  embedded  in  the  massive  sporan- 
gium when  young,  not  in  a  central  position,  but  directed  obliquely 
towards  the  centre  of  the  sorus.  By  periclinal  division  this  forms 
internally  the  archesporium,  externally  that  part  of  the  wall  where 
dehiscence  takes  place.  The  tapeium  arises,  typically  in  them  all, 
from  the  cells  surrounding  the  archesporium.  The  dehiscence  is  in 
all  by  a  slit  in  a  radial  plane,  which  may  widen  to  a  citcular  pore 
in  Danata.  In  those  son  where  the  sporangia  are  united  laterally 
there  is  no  annulus;  it  is  present  only  where  the  sporangia  are 
separate,  as  in  Angiopterit. 

An  interesting  feature  is  disclosed  by  estimates  of  the  potential 
spore- production  of  the  single  average  sporangium  in  the  four  genera  ; 
the  results  in  round  numbers  arc,  '\a  Angiopterit  i,i$o,  in  Dauaea  1,750, 
in  MaraUia  z,5oo,  in  Kaul/ussia  7,850,  It  is  to  be  remcmbereil 
that  the  usual  numbers  in  Leptosporangiate  Ferns  are  48-64 ;  in 
some  Leptosporangiate  Ferns  {Osmunda)  the  number  may  rise  to  500. 
I  have  ascertained  in  Glac/unia,  however,  that  the  number  may  be 
as  high  as  in  Angiopieris.  This  large  potential  output  of  spores 
goes  parallel  with  the  broad  base  of  the  sporangia;  in  fact,  the 
Eusporangiate  condition  is  that  best  adapted  for  maturing  large 
numbers  of  spores  in  the  individual  loculus. 

Frequent  devialio 
as   well  as  ' 
sporangia,  and  it  I 

'  Abstract  of  a  paper  read  before  the  Royal  Society,  June  r 
'  Koy.  Soc.  Proc,  vol.  lix.  p.  141. 


ilions  from  the  type  have,  however,  been  observed, 
itions  of  size  and  mode  of  segmentation  of  the 
Is  not  possible  in  certain  cases  to  refer  the  whole 
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sporogenous  tissue  of  one  sporangium  to  a  single  parent  cell. 
A  special  study  of  the  irregularities  has  been  made  in  Danaea,  in 
which  genus  they  are  most  marked ;  incomplete  septa  are  frequent, 
and  the  sporangia  are  of  very  unequal  size.  The  main  features  have 
already  been  noted  in  the  preliminary  statement  on  that  genus,  where 
it  has  been  pointed  out  that  comparison  of  the  details  with  those  of 
the  septate  anthers  of  some  Angiosperms  shows  that  there  is  a  re- 
markable resemblance  between  the  two  cases.  Similar  irregularities 
have  been  noted,  though  less  commonly,  in  Kaul/ussia,  and  Maraitiay 
and  rarely  in  Angtopieris, 

Those  fossil  Marattiaceae  which  are  best  known  as  to  the  details  of 
the  sorus  have  been  compared,  and  the  substantial  similarity  of  the 
sori  in  certain  cases  to  those  of  the  modern  genera  recognized.  The 
facts  from  fossils  and  from  the  modem  Marattiaceae  have  been  made 
the  basis  for  a  fresh  discussion  of  the  theoretical  question,  whether 
the  synangium  is  or  is  not  a  result  of  coalescence  of  sporangia? 
It  b  concluded  that  the  palaeophytological  evidence  leaves  the 
question  open  as  to  the  priority  of  existence  of  forms  with  synangia,  or 
with  separate  sporangia,  in  the  Marattiaceae.  Notwithstanding  that 
writers  of  authority  have  treated  the  question  as  decided,  that  the 
synangia  are  a  result  of  fusion  of  distinct  sporangia,  it  is  held  with 
some  persistence  that  it  is  still  open ;  the  palaeophytological  evidence 
is  inconclusive,  while  the  comparative  evidence  from  the  living 
genera  will  not  only  accord  with,  but  appears  actually  to  support 
a  view  of  septation. 

For  the  analogy  with  septate  anthers,  where  septation  must  have 
occurred,  and  the  similarity  between  the  details  of  these  and  those  in 
Danaea,  and  especially  the  partial  septations  in  both,  make  it  appear 
probable  that  in  this  genus  progressive  septation  has  taken  place.  It 
is  thought  probable  that  progressive  septation  has  been  a  feature,  at 
least  where  the  sori  are  elongated,  as  in  Danaea,  But  the  question 
is  left  over  for  future  discussion  whether  or  not  a  similar  septation, 
rather  than  coalescence,  may  be  accountable  also  for  the  origin  in 
the  first  instance  of  a  circular  sorus  with  a  plurality  of  sporangia 
united  together  as  in  Aster oiheca,  or  in  Pecopteris  uniia. 


The  Movement  of  Protoplasm  in  Coenocytic 
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J.  C.  ARTHUR, 

Purdue  University,  Lafayette^  Indiana, 
With  Woodcuts  8,  9, 10,  IL 

THE  translational  movement  of  protoplasm  varies  much 
in  the  manner  of  its  appearance,  but  for  the  most  part 
may  be  considered  under  three  headings :  viz.  circulation, 
as  in  the  staminal  hairs  of  Tradescantia ;  rotation,  as  in  cells 
of  Char  a  \  and  streaming,  as  in  plasmodium  of  Myxogastres. 
There  is,  beside,  the  sliding  movement  seen  in  Desmids,  and 
the  pulsating  movement  of  many  locomotive  organisms,  and 
others  less  common.  All  these  arc  undoubtedly  spontaneous 
movements,  and  together  with  such  induced  movements  as 
the  orientation  of  chlorophyll-grains  in  leaf-cells  of  Oxalis 
and  Lenina  and  in  filaments  of  Mesocarpus  and  Caulerpa^  when 
acted  upon  by  light,  are  probably  conditional  upon  some 
property  of  living  matter  not  yet  understood,  which  acting 
under  diverse  conditions  brings  about  different  manifestations 
of  energy. 

Of  the  several  forms  of  movement,  streaming  is  most  pro- 
nounced,  as   the   mass    involved    is    larger  and   the  speed 

'  Read   Ix'fore  the  Botanical  Society  of  America  at  the  Toronto  Meetinj^, 
Auj^ust  iR,  1897. 
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greater.  Its  discovery  in  hyphae  is  therefore  of  considerable 
interest.  So  far  as  I  know,  literature  shows  but  few  refer- 
ences to  the  streaming  movement  of  protoplasm  in  hyphae. 
One  occurs  in  Vines'  'Textbook  of  Botany*  (\^<^h\  where 
(p.  735)  it  is  cited  in  a  general  way  as  one  of  the  several 
instances  of  protoplasmic  movement;  and  on  the  following 
page  the  direction  of  such  movement  is  said  to  be  various, 
except  'in  plasmodia  and  in  hyphae,'  where  it  is  a  'simple 
longitudinal  movement.'  A  more  definite  account  of  the 
movement  in  hyphae  is  given  by  De  Vrics '  in  the  Botanische 
Zeitung  for  1S85,  in  the  case  of  the  sporangiophores  of 
Pkycomyces.  At  the  time  of  spore- formation  the  contents  of 
the  sporangiophores  of  this  species  appear  to  pass  into  the 
sporangia.  The  sporangiophores  are  very  long,  occasionally 
exceeding  30  cm.,  and  unusually  thick,  and  movement  within 
them  can  be  easily  observed.  De  Vrics  appears  to  have 
considered  this  a  special  instance  of  protoplasmic  movement, 
clearly  designed  for  rapid  supply  of  water  and  nutriment 
to  the  forming  sporangia  and  not  necessarily  of  the  same 
nature  as  the  movement  in  Tradescantia  and  the  Myxo- 
gastres*.  This  interpretation  is  strengthened  by  the  fact 
that  he  makes  no  reference  to  it  in  the  revised  edition  of  his 
Leerboek  der  Plantenpkysiohgie,  issued  a  few  months  later, 
although  eight  pages  are  given  to  a  careful  presentation  of 
protoplasmic  movement. 


'  D*  Vries,  Hago,  ■  Ueber  die  Bedcnlonj;  der  Circulation  onil  det  Rotalion  de« 
Ptotoplnsma  fiit  den  Stofti ransport  in  der  Pflnnit."— Bot.  Zeil.,  4J  :   (-6.  16-16. 

'  De  v'rics'  weirds  «re  as  follows  : — '  Betraehieii  wir  lunachil  eincn  besonderen 
Fall,  in  welchem  die  Hedenlung  der  Bewegung  des  Ptoto|)]asini  Tiii  dcD  Sloff- 
traniport  klar  lu  Tajje  Iritt.  !n  den  Fruehtttiif;em  voii  Pkyiomyit!  nilens  bewegl 
lich  das  ProtopliE^ma  Ton  einero  Ende  bis  zum  anderen  mit  eincr  soichcn 
G«chwindigkcil,  da«^  die  ganie  Larige  des  Fruchttra^ers  von  den  einieloni 
Theilcben  dca  IcbcDdi^^en  Inhaltes  io  Henigeti  Stuodcn  durchlaufen  winl.' — 
1.  c.  page  4. 

'  Es  vn  klar,  dass  in  manchni  Fallen  nicht  nnr  die  eij^entlichen  Nahrslofle. 
sondern  anuh  das  \\'asser,  nur  dutch  die  Slromun^  dea  Proloplasma  in  geniiqender 
Wcise  (mnsportirt  wcrden  kaiin.  Solches  gilt  n.  A.  olTenbar  von  den  Fmcht- 
Iragem    von    Pkycemycii    und    dea    VVuitelhaiiri.'n    der   hbheren   Pflaiuea.' — 1.  c. 

pp.  n-*f>- 
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My  attention  was  first  called  to  movement  in  hyphae  in 
1890,  while  examining  bacterial  cultures  on  plates  of  nutrient 
gelatin  which  had  been  invaded  by  some  Mould,  afterwards 
ascertained  to  be  Rhizopus  nigricans.  Some  account  of  these 
early  observations  was  given  before  the  Indiana  Academy 
of  Sciences  at  the  meeting  in  December  of  that  year  ^,  but 
nothing  was  recorded  in  print  regarding  the  matter.  The 
movement  was  so  very  striking,  and  in  such  very  common 
objects,  which  had  been  favourite  subjects  of  study  by  sys- 
tematists,  morphologists  and  physiologists  for  a  century  or 
more,  that  I  hesitated  to  believe  that  it  was  unknown  to  science. 

For  a  very  long  time  the  conditions  under  which  the 
movement  takes  place  were  not  recognized,  and  it  was  only 
seen  at  intervals,  and  then  for  so  brief  a  space  of  time  that 
serious  study  was  impracticable.  In  course  of  time  it  was 
found  out  that  the  most  important  condition  is  a  saturated, 
or  nearly  saturated,  atmosphere,  and  all  subsequent  studies 
were  made  with  the  cultures  covered  so  far  as  possible. 

Some  time  spent  at  the  Botanical  Institute  at  Bonn  during 
the  summer  of  1896  enabled  me  to  prosecute  my  inquiry 
into  the  facts,  and  also  to  satisfy  myself  that  no  record  of 
them  had  yet  been  made.  I  take  the  opportunity  to  acknow- 
ledge the  kindness  of  Professor  Strasburger  in  placing  the 
resources  of  his  laboratory  at  my  disposal,  in  providing 
additional  apparatus  for  my  work,  and  of  both  Professor 
Strasburger  and  Dr.  Noll  for  helpful  suggestions. 

The  hyphae  of  the  Mucoraceae  after  attaining  a  certain 
maturity,  I  have  found,  set  up  a  movement  of  the  protoplasm, 
in  which  nearly  or  apparently  all  the  contents — that  is,  the 
cytoplasm,  microsomes,  food-bodies,  nuclei,  and  vacuoles — 
participate.  It  is  a  streaming  movement,  such  as  a  somewhat 
viscous,  colourless  liquid  would  produce  in  flowing  through 
a  pipe.  There  is  sometimes  an  evident  cctoplastic  layer 
lining  the  cell-wall  that  does  not  take  part  in  the  movement, 
but  often  this  is  so  thin  that  it  is  no  longer  visible,  although 
one  cannot  suppose  that  it  is  ever  entirely  absent.     All  kinds 

*  Bot  Gaz.  xvi,  36. 
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of  granules  are  borne  along  in  the  current.  The  vacuoles, 
however  large,  are  also  swept  along ;  and  at  the  right  stage 
of  growth  for  movement  the  protoplasm  is  usually  highly 
vacuolated. 

The  movement  is  usually  fitful.  It  does  not  take  place 
in  all  the  hyphae  of  an  individual  plant  at  the  same  time,  but 
occurs  in  some  of  the  main  filaments  and  in  part  of  the 
branches  leading  therefrom.  It  continues  for  a  time,  then 
without  apparent  reason  ceases.  Again  it  starts,  cither  in 
the  same  direction,  or  more  usually  the  opposite.  The  periods 
of  movement  and  of  rest  are  both  indefinite.  The  current 
may  flow  in  one  direction  for  fifteen  or  twenty  minutes,  or 
possibly  much  longer,  without  the  slightest  check,  and  with 
brief  interruptions  may  continue  for  hours. 

The  observer  is  soon  curious  to  know  where  so  much  proto- 
plasm and  cell-sap  goes  to.  If  a  hypha  in  which  the  current 
is  flowing  distally  be  traced  to  the  end,  it  will  be  found  that 
the  current  finally  becomes  slower,  but  docs  not  cease  until 
the  end  is  nearly  reached.  Nothing  is  revealed  to  the  eye, 
however,  that  explains  how  the  full  hyphal  extremity  con- 
tinues to  receive  an  inflowing  stream  without  seeming  limit. 
We  might  liken  it  to  a  small  lake  with  no  outlet,  into  which 
a  rapid  river  flows  without  effecting  a  change  in  the  level. 
It  would  seem  that  the  end  of  the  hypha  should  be  under 
greater  stress  than  the  part  further  back ;  but  there  is  no 
clear  evidence  of  it  in  change  of  diameter,  elongation,  or 
extrusion  of  water. 

In  tracing  the  filament  containing  the  current  from  the 
free  end  towards  the  centre  of  the  mycelium,  I  have  always 
found  that  sooner  or  later  it  became  entangled  in  the  general 
mass  and  was  lost  to  sight.  A  more  ingenious  method  of 
growing  the  Mould  may  eventually  enable  the  observer  to 
map  out  the  currents  throughout  the  diversitied  ramifications 
of  a  whole  plant. 

The  rate  of  movement  varies  greatly,  and  rarely  remains 
at  a  uniform  speed  for  many  minutes  at  a  time.  I  made 
a   number   of    readings    of    rapidly   flowing    protoplasm   in 
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No  direct  observations  were  made  regarding  temperature, 
but  incidentally  the  unusual  range  for  rapid  movement 
attracted  attention.  Cultures  grown  in  the  refrigerator, 
standing  at  about  ia°  C,  and  transferred  directly  to  the  stage 
of  the  microscope,  showed  as  rapid  movement  apparently 
as  those  grown  at  30°  C.  Not  only  does  the  organism  appear 
less  sensitive  in  this  respect  to  the  range  of  temperature  than 
in  most  other  known  instances,  but  it  is  not  readily  affected 
by  sudden  change,  shock,  and  other  stimulating  agents, 
judging  from  the  limited  number  of  observations  made. 

A  matter  of  considerable  interest  in  connexion  with  this 
study  is  the  behaviour  of  the  moving  vacuoles.  Sometimes 
they  are  few  and  small,  and  when  at  rest  are  as  usual  globular. 
More  frequently  they  are  numerous,  and  many  of  them  so 
large  that  the  confines  of  the  hyphal  tube  distorts  them  into 
long  cylinders  with  convex  ends.  Occasionally  a  hypha  will 
be  so  filled  in  places  with  vacuoles  that  only  a  very  thia 
lining  of  protoplasm  clings  to  the  wall-surfaces,  and  at  long 
intervals  a  plate  of  protoplasm  extends  across  the  lumen. 
Under  all  these  variations  movement  takes  place  with  seem- 
ingly equal  readiness.  In  a  rapidly  moving  current  the 
vacuoles  become  more  convex  at  the  anterior  end,  and  less 
convex,  flat  or  even  concave,  at  the  rear  end.  A  very  long 
vacuole  is  usually  preceded  by  dense  protoplasm,  into  which 
it  seems  to  push,  and  is  followed  up  by  a  mass  of  vacuoles 
with  such  thin  walls  that  they  have  the  appearance  of  foam. 
The  way  in  which  the  foremost  and  thinnest-walled  ones 
change  position,  vary  their  form,  and  coalesce,  as  they  are 
swept  along,  reminds  one  forcibly  of  the  behaviour  of  soap 
bubbles  (Fig.  2), 

Very  interesting  changes  occur  in  the  form  and  individuality 
of  the  vacuoles  when  the  stream  passes  through  a  bent  and 
tortuous  filament,  or  over  an  obstruction  such  as  may  be 
produced  by  doubling  the  hypha  upon  itself  so  sharply  as 
to  nearly  close  the  passage,  or  when  two  streams  flow 
together,  as  may  happen  at  any  angle  from  a  very  acute  to 
a   very   obtuse   one,   or  when   a   stream   sends   part  of  its 
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separating  two  branches,  the  larger  vacuoles  are  generally 
bisected,  a  part  of  each  going  to  the  right  and  a  part  to  the 
left.     When   one   stream   flows   into   another,   it   frequently 


i,,i 


Fig.  3.  The  emrenl  from  >  branch  is  rushing  into  a  long  vacnole  in  the  main 
hypha.  Fortber  along  the  main  h^ipha,  (he  piotoplasm  ii  pushing  into  and  through 
■  lai^  Tacaole  (only  parti]'  shown),  owing  to  an  acceleration  of  the  cnrreot. 

Fig.  4.  ForUoQ  of  a  highly  vacuolated  hjpha  with  the  protoplatni  in  motion, 
a  JDSt  lieroie,  b  jnsl  kftei,  a  change  in  direction  of  the  cnrrenC. 

plunges  into  the  midst  of  large  passing  vacuoles,  and  disrup- 
tures  them.  When  a  part  increases  its  speed  over  the  part 
immediately  preceding,  better  progress  is  made  by  pushing 
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through  the  centre  of  a  long  vacuole,  as  this  lightens  the 
friction  at  the  sides  (Fig.  3). 

In  fact  I  cannot  see  in  the  variety  of  catastrophes  which 
overtake  the  moving  vacuoles  any  ground  of  support  for  the 
supposed  autonomy  of  the  vacuoles  and  a  special  vacuolar 
membrane,  advocated  byDe  Vries^,  Went*,  Wakker^,  Bokomy* 
and  others.  These  theories  appear  to  me  to  be  little  in  accord 
with  the  phenomena  that  attend  the  streaming  in  coenocytes, 
while  much  can  be  seen  to  favour  the  views  of  Pfeffer", 
Biitschli^  and  others,  who  appeal  to  the  laws  governing 
viscous  fluids  in  which  surface  tension  assumes  an  important 
r61e.  But  my  observations  have  not  been  sufficiently  intimate 
and  complete  to  warrant  me  in  pursuing  this  phase  of  the 
subject. 

A  requirement  of  the  first  importance  for  the  display  of 
movement^  as  I  have  said,  is  an  atmosphere  heavily  charged 
with  moisture. 

Unless  extravasated  drops  are  plentifully  scattered  over  the 
hyphae,  movement  is  not  likely  to  occur.  It  will  probably 
be  interesting  to  describe  an  instance  of  their  origin  and 
subsequent  behaviour  as  seen  under  a  Zeiss  microscope  with 
D  objective  and  No.  4  ocular  (Woodcut  11).  The  culture  was 
on  nutrient  gelatin  with  Rhizopus  elegans,  A  filament  lying 
in  contact  with  the  substratum  and  showing  vigorous  stream- 
ing was  traced  to  the  growing  apex,  and  found  to  project  into 
the  air.  The  proximal  half  of  the  aerial  part  was  plentifully 
supplied  with  drops.  The  distal  part  was  free  from  drops. 
The  observations  began  at  4  p.m.,  and  twenty  minutes  after- 
wards drops  began  to  appear  at  some  distance  apart.  These 
grew  larger,  and  intermediate  ones  appeared.  At  5  o'clock 
branches  began  to  protrude  through  the  larger  drops.  In 
half  an  hour  the  branches  had  g^own  quite  long,  and  they 


'  Pringsh.  Jahr.  f.  wits.  Bot.  xvi,  463.  1885. 

*  Ibid,  xix,  395.  1888.  *  Ibid,  six,  433.  1888. 

*  Biolog.  Centr.  xiii,  271.   1893. 

*  Abh.  d.  Sachi.  Ges.  d.  Wiss.  xvi,  185.  1890. 

*  InTestigations  on  Protoplasm,  337.  1894.    (German  text  1893.) 
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themselves  begao  to  show  drops,  which  by  6  o'clock  became 
plentiful-  In  the  meantime  the  proximal  half  had  increased 
and  enlarged  its  drops,  but  no  branches  bad  appeared.  The 
protoplasm  had  streamed  into  the  portion  under  observation 
almost  continuously  for  a  time,  then  at  intervals  it  stood  still, 
the  intervals  of  rest  becoming  longer  and  longer,  but  no  reverse 


Woe 


.  (Fifi.  6). 


Changes  obserred  in  the  i^islal  part  of  ■  Iree  hypha  during  an  hour  and  a  half. 
Drop*  of  waif  r  toccnsi^el;  appeared  on  the  surface,  and  through  iom«  of  tbcm 
branches  eventuatl})  protruded  :  a,  appeirance  at  4  p.m. ;  b,  at  4.10 ;  c,  at  4.35 ; 
d,  at  4.50  ;  /.  at  s  ;  /  at  5.30. 

movement  occurred.  Observations  were  continued  until  7  p.m., 
three  hours  in  all.  During  this  time  the  branches  grew  at  an 
apparently  uniform  rate,  and  without  noticeable  syochronous 
relation  to  the  protoplasmic  movements.  The  next  morning 
observations  were  resumed,  and  from  10.30  to  1 1  a.m.  streaming 
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in  the  same  direction  as  on  the  previous  day  was  seen,  with 
occasional  interruptions,  and  one  backward  movement  for 
a  distance  of  about  twice  the  diameter  of  the  filament.  At 
3.30  p.m.  the  observations  were  renewed,  and  for  half  an 
hour  streaming  in  the  same  distal  direction  with  occasional 
periods  of  quiescence  was  noted.  At  4  o'clock  a  reverse 
movement  of  full  strength  continued  for  several  minutes, 
then  changed  to  the  former  distal  course.  In  this  way  the 
reverse  or  proximal  movement  alternated  several  times  with 
the  distal  movement  during  the  next  half  hour.  The  observa- 
tions were  now  abruptly  terminated  by  an  unfortunate  dis- 
placement of  the  microscope. 

It  is  possible  that  the  drops  upon  the  hyphae,  which  appear 
to  precede  streaming,  are  formed  by  the  action  of  some 
excreted  osmotic  substance,  as  suggested  by  Wilson*  in 
case  of  Pilobolus  crystallinus  \  but  it  seems  to  me  more 
probable  that  the  position  of  the  drops  is  determined  by 
the  localization  of  a  cytohydrolytic  ferment,  which  acting 
upon  the  wall  renders  it  more  permeable,  and  the  internal 
pressure  then  forces  out  the  water.  This  hypothesis  would 
also  explain  the  .extension  of  this  particular  watery  part  of 
the  cell-wall  into  a  branch.  A  similar  suggestion  has  been 
made  by  Marshall  Ward^  in  connexion  with  the  study  of 
a  species  of  Botrytis,  in  which  the  extrusion  of  enzym-drops 
was  observed.  But  the  drops  upon  the  Mucoraceae  are 
undoubtedly  of  a  different  nature  from  those  seen  by  Marshall 
Ward,  for  in  Botrytis  they  appear  usually  at  the  tips  of  the 
hyphae  *  and  remain  there  as  growth  continues ;  in  the  Muco- 
raceae they  are  lateral,  and  the  branches  g^ow  through  and 
beyond  them.  An  enzym  has  already  been  separated,  in  fact, 
from  Rhizopus  nigricans  by  Kean  *,  which  is  capable  of  soften- 
ing cellulose  walls,  and  probably  is  produced  by  other  members 
of  the  Mucoraceae ;  but  in  what  part  of  the  fungus  it  resides 
has  not  been  determined. 

'  Unters.  a.  d.  bot.  Inst,  zn  TUbingen,  i,  15.  1 881. 
•  Ann.  Bot.  ii,  331.  1888.  »  L  c.  339. 

*  Bot.  Gai.  XT,  173.  1890. 
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It  is  probable,  if  we  consider  the  facts  now  in  our  possession, 
that  in  order  for  streaming  to  take  place  the  filaments  must 
have  a  high  internal  pressure.  It  is  doubtless  the  pressure 
which  forces  water  through  places  of  less  resistance  in  the 
walls,  although  the  walb  throughout  are  highly  permeable, 
as  shown  by  the  rapidity  with  which  the  mycelium  collapses 
upon  removal  from  a  moist  to  a  dry  atmosphere.  The  ready 
permeability  of  the  walls  will  account  for  Wilson's  results  in 
obtaining  drops  by  placing  particles  of  sugar  on  the  surface 
of  Pilobolus.  Internal  pressure,  as  we  know,  is  secured  through 
osmotic  action,  and  altogether  it  seems  probable  that  the 
necessity  for  a  very  moist  atmosphere  to  bring  about  stream- 
ing lies  in  the  fact  that  the  part  of  the  mycelium  in  contact 
with  the  moist  substratum  cannot  take  up  water  fast  enough 
to  secure  pressure  throughout  the  whole  structure  so  long  as 
extravasated  moisture  is  rapidly  removed  from  the  aerial 
surface  of  the  very  permeable  hj'phal  walls. 

By  admitting  the  existence  of  a  high  osmotic  pressure,  wc 
shall  be  able  to  explain  many  of  the  phenomena  connected 
with  the  streaming.  In  the  first  place  we  must  premise  that 
although  osmotic  pressure  originates  in  the  jnovcmcnt  of  the 
molecules  of  the  osmotic  substance  and  varies  directly  as  the 
density  of  the  solution,  yet  it  is  converted  into,  and  is  mani- 
fested as,  hydrostatic  pressure  which  is  uniformly  distributed 
per  unit  area  throughout  the  enclosing  wall.  The  more  tensely 
the  cell-wall  is  stretched  by  the  internal  pressure,  the  more 
sensitive  every  part  becomes  to  any  variation  in  the  pressure. 
If  we  imagine  a  hyphal  tube  some  millimetres  in  length,  under 
strong  pressure,  with  one  end  in  a  watery  substratum  and  the 
other  in  air,  it  is  easy  to  see  that  any  water  taken  up 
osmotically  at  the  submei^ed  end  must  instantly  expand 
some  part  of  the  tube  (growth),  or  force  water  out  through 
the  walls  of  the  aerial  part  (extravasation).  The  water  taken 
in  at  one  end  and  discharged  at  the  other  displaces  the  whole 
column  and  moves  it  along  toward  the  end  where  the  water 
is  escaping.  But  in  the  hyphal  tube  the  water  is  an  interrupted 
column  lying  in  the  more  viscous  protoplasm,  and  the  move- 
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ment  will  therefore  be  noticeably  greater  along  the  axis  of 
the  tube  where  there  is  least  friction.  For  this  reason  every 
transverse  surface  tends  to  become  more  and  more  convex 
in  the  direction  of  the  movement,  which  accounts  for  the 
heightened  convexity  of  the  forward  end  of  the  vacuoles 
and  the  flattening  or  introversion  of  the  rear  end. 

There  is,  furthermore,  less  resistance  to  axial  movement 
just  in  proportion  to  the  thinness  of  the  transverse  layers  of 
protoplasm  ;  therefore  a  thin-walled  vacuole  will  tend  to  move 
faster  than  a  thick-walled  one ;  and  this  action,  coupled  with 
the  tendency  of  the  transverse  layers  to  become  thinner  as 
movement  progresses,  dependent  upon  density,  viscosity,  elas- 
ticity and  other  factors,  brings  about  the  frothy  appearance 
in  the  rear  of  a  long  vacuole. 

It  is  evident  that  if  the  movement  is  due  to  the  change  in 
water-content  at  the  extremities,  streaming  toward  the  free 
aerial  parts  should  be  more  frequently  seen  than  the  opposite 
movement ;  and  this  is  the  case,  the  observation  cited  in  detail 
being  almost  typical.  It  would  also  follow  that  streaming 
would  be  more  constant  toward  and  into  growing  branches 
and  developing  sporangia  than  toward  other  parts,  for  at 
these  places  both  metabolism  and  extension  of  the  walls  are 
demanding  material  and  removing  resistance  from  the  advanc- 
ing column.  This  also  agrees  with  observation,  and  in  fact 
is  the  particular  case  noticed  by  De  Vries,  mentioned  at  the 
outset.  The  same  greater  proportion  of  movement  toward 
advancing  extremities  and  into  sporangia  has  been  observed 
by  Dc  Bary  ^  in  the  streaming  of  the  Myxogastres. 

The  number  of  conditions  which  may  have  an  influence 
upon  the  movement  is  considerable,  and  their  interaction  very 
complex.  But  foremost  among  them,  after  sufficient  turgidity 
is  attained,  is  undoubtedly  the  facility  of  absorbing  water  in 
one  part  and  its  release  in  a  distant  part.  Some  attention 
was  given  to  cases  where  this  was  minimized,  and  a  specific 
instance  or  two  may  be  cited.    A  culture  of  Mucor  racemosus^ 

*  Murph.  aiid  Biol,  of  Fungi  and  Myc,  426. 
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a  species  much  given  to  the  early  formation  of  cross-walls  in 
the  hyphae,  was  grown  upon  neutral  nutritive  gelatin.  This 
species  branches  acropetally  in  a  most  uniform  manner,  the 
branches  making  an  angle  of  about  sixty  degrees  with  the 
main  axis,  and  both  growing  quite  straight.  The  advancing 
hyphae  all  remained  appressed  to  the  moist  substratum,  giving 
a  regular  featherlike  appearance.  On  the  second  day  move- 
ment was  to  be  seen.  At  this  time  the  central  part  of  the 
mycelium  bore  plenty  of  sporangiophorcs.  and  was  further- 
more much  septated.  The  protoplasm  was  crowded  with 
vacuoles,  but  quite  free  from  granules.  The  movement  was 
not  especially  lively;  in  all  cases  it  proceeded  toward  the 
growing  apex,  and  although  the  whole  br.inch-systeni  was  in 
normal  growing  condition,  the  stream  mostly  kept  to  the 
main  axial  hypha.  only  now  and  then  entering  a  ^e  branch. 
On  the  day  following  the  movement  still  continued  in  the 
same  direction.  In  two  cases  1  was  able  to  trace  the  stream 
back  from  the  growing  apex  into  the  central  mass  of  mycelium 
until  a  cross-wall  was  reached  where  all  movement  ceased.  In 
these  cases  the  whole  length  of  the  effective  hypha  was  in 
contact  with  the  moist  substratum,  although  the  proximal 
end  was  overlaid  with  growing  mycelium,  while  the  distal 
end,  into  which  the  stream  ^wured,  was  both  extending  and 
half  exposed  to  the  air.  I  assume  that  in  this  case  the 
small  difference  in  osmotic  conditions  between  the  two  ends 
of  the  active  hyphae  was  the  cause  of  the  sluggishness  of  the 
current- 

In  another  case  still  more  uniform  osmotic  conditions  were 
secured.  Spores  of  Rhisopus  ekgans  were  grown  in  bread- 
broth  entirely  submerged.  On  the  fifth  day  neither  vacuoles 
nor  movement  were  yet  10  be  seen.  On  the  tenth  day  vacuoles 
were  abundant,  and  two  or  three  instances  of  faint  streaming 
were  detected,  but  the  development  was  no  longer  entirely 
beneath  the  surface,  for  a  few  sporangiophorcs  had  risen  into 
the  air. 

In  the  last  case  another  phenomenon  of  protoplasmic  move- 
ment appeared,  which  had  also  been  seen  a  number  of  times 
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under  less  favourable  conditions.  The  microsomes  were  in 
quite  active  locomotion  through  the  protoplasm,  exhibiting 
a  kind  of  indefinite  circulation.  Far  finer  examples  of  this 
movement  were  obtained,  however,  in  sowings  of  Pilobolus 
spores  upon  the  surface  of  bread -broth.  In  twelve  hours 
after  sowing  (overnight),  they  had  germinated  freely  with 
long  branching  hyphae.  Each  spore  contained  a  large 
vacuole,  and  a  few  small  ones  appeared  in  the  hyphae. 
The  microsomes  were  especially  distinct,  and  kept  up  a  lively 
coursing  in  all  directions,  but  more  especially  lengthwise  the 
hyphae  and  into  and  out  of  the  spores.  They  appeared  to 
follow  no  defined  routes,  which  seems  to  indicate  that  they 
were  not  dependent  upon  circulating  currents  in  the  liquid. 
Moreover,  sometimes  collisions  occurred  between  microsomes 
moving  in  opposite  directions.  I  have  no  explanation  of  this 
phenomenon  to  offer ;  but  do  not  think  that  it  is  connected  in 
any  direct  way  with  the  streaming  movements  in  hyphae.  It 
was  necessary,  however,  to  mention  it,  in  order  to  distinguish 
it  from  the  floating  of  microsomes  in  currents,  which  I  now 
desire  to  describe. 

I  have  so  far  said  nothing  about  return  currents  in  the 
hyphae,  but  they  are  occasionally  to  be  seen.  When  the 
return  current  exists  it  is  generally  well  defined,  and  always 
occupies  the  periphery  of  the  hyphal  cavity.  It  carries  no 
vacuoles,  and  can  only  be  detected  by  the  movement  of  the 
microsomes.  As  the  hypha  is  seen  in  optical  section,  there 
appears  to  be  the  usual  surging,  vacuolated  stream  moving 
through  the  centre,  and  on  either  side  next  to  the  walls 
a  narrow  uniform  layer  of  clear  protoplasm,  in  which  minute 
particles  are  moving  in  opposite  direction  to  the  central 
stream.  Between  the  two  streams  is  a  quiescent  partition 
of  protoplasm  of  about  the  same  thickness  as  that  lining  the 
cell-walls.  These  quiescent  layers  vary  much  in  thickness, 
and  are  at  times  so  thin  as  to  be  scarcely  discernible.  It  is 
obvious  that  whenever  such  return  currents  exist,  their  volume 
is  ample  to  bring  back  all  the  protoplasm  borne  forward  by 
the  central  stream,  especially  as  it  has  become  freed  from  all 
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vacuolar  sap,  which  has  probably  been  used  in  growth  'or" 
extravasatcd  {Fig.  5), 

It  has  been  impossible  in  this  presentation  of  my  studies  to 
touch  upon  a  number  of  questions  which  have  arisen  during 
their  progress,  or  to  discuss  fully  those  brought  forward. 
I  have  attempted  to  give  as  briefly  as  possible  the  main 
facts  regarding  the  streaming  movement  of  the  contents  of 
hyphae  where  the  coenocytic  structure  furnishes  an  uninter- 
rupted passage  of  considerable  length.  The  passage  is  usually 
some  millimetres,  and  often  many  centimetres,  in  length,  and 
often  equals  one-fourth  millimetre,  or  even  one-half  millimetre, 
in  diameter.  I  have  brought  together  a  number  of  observa- 
tions which  seem  to  me  to  clearly  indicate  that  the  movement 
is  in  the  main  a  physical  one,  dependent  upon  osmotic  condi- 
tions ;  although  there  can  be  little  question  that  lying  back 
of  the  ph)-sical  factors  the  living  protoplasm  functions  as 
a  strong  inciting  and  controlling  agent.  I  have  found,  in 
fact,  although  not  before  mentioned,  that  streaming  can  be 
set  up  in  a  purely  artificial  manner  that  docs  not  differ  in  any 
observable  particular  from  the  natural  streaming.  In  a  culture 
of  RhisopHs  nigricans,  the  application  of  a  drop  of  a  ao  per 
cent,  solution  of  potassium  nitrate  caused  a  vigorous  move- 
ment for  a  time  through  the  hyphae  toward  the  place  of 
application.  It  is  evident  that  this  plasmolytic  agent  ex- 
tracted the  water  from  the  filaments,  thus  causing  the  flow. 
After  a  time  normal  conditions  prevailed  in  the  hyphae 
experimented  with.  A  15  per  cent,  solution  produced  but 
slight  movement.  I  need  not  recapitulate  the  conditions 
which,  under  normal  relations,  effect  the  plasmolytic  changes. 

I  have  observed  the  streaming  movement  in  the  following 
eight  species  of  Mucoraccae;  Miicor  Mucedo,  L. ;  M.  reue- 
Mosus,  Fries  ;  Rliisopus  nigricans.  Ehr. ;  R.  elegans  (Eidam), 
Per.  and  De  T. ;  Phyconiyces  nitens  (Ag),  Kze. ;  Sporodinia 
A spcigilltis  (Scop),  Schrot. ;  Thamnidium  elegans,  Lk. ;  and 
Pilohoius  crystalliniis  (Wigg.),  Tode.  I  do  not  doubt  but 
thai  it  occurs  normally  in  many  other  coenocytic  forms,  where 
the  conditions  are  favourable. 
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In  conclusion  I  may  express  the  opinion  that  the  move- 
ment is  an  incidental  feature  in  the  life  of  the  plant.  It  does, 
without  doubt,  aid  in  the  transfer  of  nutrient  material  to  points 
where  growth  is  taking  place,  as  De  Vries  has  pointed  out ; 
but  I  believe  that  growth  is  not  dependent  upon  it,  and  that 
full  and  normal  development  takes  place  without  the  movement 
coming  into  action. 
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The  Correlation  of  Growth  under  the 
Influence  of  Injuries. 

BY 

C.  O.  TOWNSEND. 

IT  has  been  the  purpose  of  the  experiments  which  form 
the  basis  of  this  paper  to  determine  in  what  time, 
through  what  distance,  and  to  what  extent  an  injury  inflicted 
upon  one  part  of  a  plant  will  influence  the  growth  of  the 
injured  and  of  the  uninjured  parts.  The  experiments  have 
been  carried  on  in  the  Botanical  Institute  at  Leipzig  during 
the  years  1896-7,  under  the  direction  of  Professor  Dr.  Pfeffer, 
to  whom  I  wish  to  express  my  sincere  thanks  for  his 
invaluable  suggestions,  and  also  for  the  use  of  his  splendidly 
equipped  laboratory. 

The  correlation  of  growth  has  received  considerable 
attention  from  investigators  either  directly  or  indirectly, 
but  the  observations  have  been  made  for  the  most  part 
under  the  influence  either  of  long-continued  irritation  or  of 
a  series  of  irritations  produced  at  more  or  less  irregular 
intervals,  and  extending  over  a  considerable  period  of  time  *. 
In  the  following  experiments  special  attention  has  been 
given  to  first  effects  of  injury  upon  the  curve  of  growth, 

'  Pfeffer,  Druck  und  Arbeitsleistang.  1893.  Hering,  Ueber  Wachsthomscone- 
lation  in  Folge  mechanischer  Hemmung  des  Wachsens ;  Pringsheim*s  Jahrbach, 
Vol.  29,  p.  13a,  1896.  Kny,  On  Correlation  in  the  Growth  of  Roots  and  Shoots ; 
Annals  of  Botany,  Vol.  viii,  p.  265, 1894. 

[Annala  of  Botany,  VoL  XL  No.  ZUV.  Decembtr,  i807*] 
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while  previous  investigators  have  concerned  themselves  for 
the  most  part  with  final  results. 

It  is  weil  known  that  the  removal  of  some  of  the  branches 
of  a  tree  will  often  cause  the  other  branches  to  become  more 
vigorous  and  the  fruit  to  be  more  perfectly  developed :  also 
that  the  disturbance  of  the  roots  of  garden -plants,  through 
the  process  of  cultivation,  often  causes  a  more  vigorous  and 
rapid  development  of  all  their  parts.  However,  no  systematic 
study  of  injured  plants  has  heretofore  been  made,  in  regard 
either  to  the  effect  of  a  single  irritation  of  short  duration 
or  to  the  time  required  for  such  effect  to  manifest  itself. 

Material  and  Methods. 

Aa  far  as  possible  in  the  experiments  herein  described,  the 
external  causes  of  the  variation  of  the  rate  of  growth  were 
eliminated  in  order  to  study  more  accurately  the  internal 
influence  of  the  irritation.  With  this  object  in  view  the 
plants  were  grown  in  damp  chambers,  in  diffused  light,  and 
in  all  possible  cases  at  a  constant  temperature. 

The  larger  number  of  the  experiments  were  performed 
with  seedlings.  Satisfactory  results  were  obtained  with 
seedlings  of  Pkaseolus  vtultiflorus,  Vicia  Faba,  Lupinus  albus, 
Helianthus  anttuus,  Ciicurbita  Pepo,  Zea  Mais,  Avena  saliva, 
Hordeum  vulgare,  and  Secale  cereaU.  Experiments  with 
older  plants  were  carried  on  with  the  same  material,  also 
with  Calla,  and  with  a  few  cuttings  of  Salix.  A  number  of 
experiments  have  also  been  performed  with  Phycomyces  nitens. 

Seedlings. — The  seeds  were  soaked  for  about  twenty-four 
hours,  and  then  placed  in  damp  sawdust  at  the  temperature 
under  which  the  experiments  were  to  be  carried  on  '.  When 
the  roots  and  shoots  had  attained  the  desired  length,  the 
seedlings  were  placed  in  glass  boxes  containing  damp  saw- 
dust, or  the  seeds  were  wrapped  in  damp  cotton,  and  the 
roots  were   suspended  in  water  or  in  damp   chambers.     In 

'  Tnie,  On  the  Influence  of  Sudden  Change*  of  Tnrgor  ud  of  Temperature  oa 
Growth ;  Aanalg  of  Botany,  Vol.  ii,  p.  363,  1S95. 
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order  to  study  the  jjrowth  of  the  r»»<>ts  after  the  shouts  were 
injured,  the  nH>ts  were  marked  with  indian  ink  about  1 'iinm. 
from  the  tip  (distance  accurately  measured)  l>eri>re  the 
seedlings  were  placetl  in  the  ^a^  boxes.  They  were  then 
left  for  se\'eral  hours  in  order  to  determine  the  normal  rate 
of  jjrowth.  The  plumule  or  shoot  was  afterwards  removed 
fn>m  the  odd  numbers,  by  means  of  a  sharp  knife  or  a  pair 
of  scissors,  leaving  the  even  numbers  in  a  normal  state  for 
control-plants.  In  c»ther  experiments  seedlings  were  pre* 
pared  as  above,  but  the  sh<xits  were  split  for  several  milli* 
meters  instead  <»f  bcm^j  removetl.  If  it  liecame  necessary  to 
remove  one  of  the  cotyledons  in  order  to  treat  the  plumule 
as  desired,  one  cotyledon  was  also  removed  from  each  of 
the  cuntrol-plants. 

In  stuilying  the  growth  of  the  shoot  uhen  the  rcx>t  was 
injured,  the  sceillings  were  pre|)arcd  as  before,  and  the  shoot 
was  marked  near  the  base.  In  some  cases  only  the  root*tips 
were  removed ;  in  other  ex|)eriments  nearly  the  whole  root 
was  cut  away ;  while  in  still  other  experiments  the  roots  were 
split,  either  near  the  base  or  near  the  tip,  for  a  distance  of 
ten  millimeters.  Cultures  in  which  the  roots  were  grown  in 
water  ur  in  damp  clumbers  were  cs|>ecially  convenient  in  all 
cx|>erinu-nts  in  whiih  the  hkUs  were  to  l>e  treateii,  and  in  the 
study  of  the  growth  »)f  secondary  riK)ts. 

To  determine  the  effect  upon  the  grout h  of  the  leaver 
when  the  tips  of  the  leaves  themsclvo  uric  mjurrd  stxdlings 
of  Anna.  Hi9ii»'ufMt  m\k\  Mais  war  grown  in  tiamp  luwdnst. 
and,  attcr  determining  the  rate  ol  grouth  lor  .1  givi  n  nurnljcr 
of  h<nn«,  the  tips  of  the  lea\rs  were  cut  oA  fri*m  tuo  to 
fifteen  ttiiiliinetm.  In  like  manner  the  effett  was  ob^rt\ed 
u|Hiii  tlir  gfowth  of  sterns  when  an  entire  leal  was  removed 
fr«ni  the  fttcins  of  /'/f,ii^.-,Mi.  l'i%ia  and  I  uiNphiia 

A  sefiis  t»l  exp  riinrfits  \»rir  tairied  on  ti>  tlclermine  the 
rficit  ot  an  atniospheir  of  riher  uy^^n  growth  l'<>r  this 
piirp  ^^  H**f»Lu9H,  A%rna.  and  .Nnii//  were  found  con\enirnt. 
'I  hr  srrdiing%  «kcre  groun  in  ^rnall  i^t^  of  damp  sawdust 
under  large  beil-jars.     Alter  the  normal  rate  of  growth  bad 
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been  determined,  a  shallow  dish  containing  200cc.  of  water, 
in  which  a  definite  amount  of  ether  had  been  dissolved,  was 
introduced  under  one  of  the  bell-jars,  the  other  preparation 
being  left  in  a  normal  state  for  control.  In  some  of  the 
experiments  the  seedlings  were  kept  in  a  dilute  atmosphere 
of  ether  as  long  as  they  continued  to  grow,  while  in  other 
cases  they  were  placed  in  a  strong  atmosphere  of  ether  for 
a  short  time.  In  ordfr  to  measure  the  leaves,  it  was  necessary 
to  remove  the  plants  from  the  bell-jars  from  time  to  time ; 
and,  as  this  allowed  more  or  less  of  the  ether  to  escape,  a  fresh 
mixture  of  ether  and  water  was  introduced  under  those 
bell-jars  in  which  it  was  desired  to  maintain  a  constant 
atmosphere  of  ether. 

Older  Plants. — In  preparing  the  older  plants,  seedlings 
were  first  started  in  damp  sawdust,  and  then  transferred  to 
pots  of  damp  earth  and  kept  for  several  weeks  under  bell- 
jars.  In  order  to  have  the  root-tip  in  view,  the  main  root 
was  directed  through  the  hole  in  the  bottom  of  the  flower-pot 
and  allowed  to  extend  into  a  damp  chamber. 

To  study  the  growth  of  the  root  after  the  stem  was  injured, 
the  root  was  marked  1,5  mm.  from  the  tip,  and  the  normal 
rate  of  growth  observed.  Only  a  part  of  the  stem  and  a  few 
of  the  leaves  were  then  removed,  and  the  growth  of  the  root 
noted  from  time  to  time. 

In  considering  the  influence  upon  the  stem  when  the  roots 
were  injured,  a  knife-blade  $\  cm.  in  length  was  passed 
around  the  main  root  at  a  distance  of  only  a  few  centimeters, 
thus  severing  a  lai^er  or  a  smaller  number  of  the  secondary 
roots.  In  order  to  determine  accurately  the  degree  of  injury 
which  was  inflicted  by  removing  the  roots,  and  also  to 
eliminate  the  influence  of  transpiration,  seedlings  were  placed 
in  cylinders  of  plaster  of  Paris  from  three  to  four  centimeters 
in  diameter,  the  bottoms  of  which  were  composed  of  cotton- 
netting.  The  netting  prevented  the  earth  from  falling  through, 
but  allowed  the  roots,  which  were  directed  into  damp 
chambers,  to  pass  freely.  By  this  means  a  definite  number 
and  desired  length  of  roots  could  be  removed.     Calla  plants 


under  the  Influence  of  Injuries,  5 1 3 

which  had  been  grown  for  jicver.il  monthn  in  |>ots  of  cirth, 
were  studied  with  reference  to  the  jjr^wth  of  youn^;  leaves 
and  roots  when  a  full-grown  vigornus  leaf  was  removed. 
A  few  cuttings  of  Saltx  were  prepared  .iccording  to  the 
method  used  by  Kny*. 

Phyxomyces. — A  drop  of  gelatine  containing  the  proper 
nourighing  material  w«-is  placed  on  a  glass  slide,  and  on  the 
gelatine  was  dep<'»sited  a  single  ii>ore  of  Phycomycts^  The 
preparations  were  kept  in  damp  chamt>ers  in  the  dark  until 
one  or  more  s]>orangium-stalks  formed.  The  damp  chambers 
for  these  ex|>erinient$  consisted  of  air-tight  boxes  o{>en  at 
one  end  and  two  or  three  centimeters  square  by  five  or  six 
centimeters  long.  These  were  lined  on  two  op|x>site  sides 
with  moist  filter>paiKT,  and  placed  over  the  drop  of  gelatine 
on  which  the  spore  rested.  By  this  means  the  growth  of  the 
s|>orangium-stalk  could  t)c  observed  in  the  damp  chamber 
with  the  aid  of  a  horizontal  microscope.  Having  determined 
the  rate  of  growth  of  the  si>orangium*staIk  for  a  given 
interval,  the  ilamp  chamber  was  removed  for  a  moment, 
and  the  plant  subjccteil  to  the  following  treatment:  — 

1.  One  or  more  of  the  mycelia  uere  cut  at  a  distance  of 
from  one  toti^o  millimctcis  from  the  base  uf  the  s|H>rangium- 
utalk  under  investig.it inn  . 

1.  <  )ne  (if  tuo  or  mt>re  s|Mirangium-staIkH  prcnluced  by 
the  same  plant  \%4n  tut  <>fT; 

\.  'I  he  niyceli.i  were  tfratcti  uilh  a  tolutnin  of  |H>tassium 
nitr.ite  ol  defmite  niri  n^tli. 

In  the  rx|>rrimrnt%  in  uhich  |h»t4s^tun)  nitrate  ykJks  u<kcd» 
the  vohime  ol  the  geUttnr<!ri>p  u.i%  liable  to  increase, 
iau^ing  an  apparent  elon^atu>n  i>t  the  s|Nirangium*staIk ; 
henir  in  thev  exiK-riinent^  the  ^|>*irangium-^ta!ks  uerc 
inaikrd  \%ith   iiitlian   ink  bc!ow  the  grov^ing  /one'. 

In  all  liighrr  pLnt«  the  ginuth  ysAM  measurctl  at  intervals 
of  three,  wx,  tHilve.  (»r  t«^enty-f<»ur  hours  by  meao%  of 
a  Kale  di\i>!ri!  into  half  millimeters.     I*'or  shoiter  intervals 
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the  growth  of  the  higher  plants,  as  well  as  of  Pkycomyees, 
was  measured  by  means  of  a  horizontal  microscope. 
Control-plants  were  used  in  all  cases  except  with  Phycomyces, 
and  were  selected  according  to  their  equality  in  size  and 
rate  of  growth  with  those  to  be  treated. 


Experiments. 

Seedlings. — Owing  to  the  high  degree  of  independence 
existing  between  roots  and  shoots,  it  was  necessary  to 
perform  a  large  number  of  experiments  in  order  to  reach 
definite  and  satisfactory  conclusions.  No  attempt  will  be 
made  to  give  a  detailed  description  of  the  individual  experi- 
ments, but  rather  the  general  results  obtained.  In  the 
following  tables  a  series  was  made  up  from  the  averages  of 
growth  of  a  large  number  of  seedlings  for  a  definite  period. 
In  the  second  column  P.  indicates  the  period  during  which 
the  injured  and  the  uninjured  plants  were  compared.  The 
periods  were  often  determined  from  a  large  number  of  ol>- 
servations  made  at  short  intervals  and  combined;  e. g.  if 
four  observations  were  made  at  intervals  of  si.\  hours,  and 
each  observation  showed  an  acceleration  of  growth,  the  four 
observations  were  combined  and  given  as  one  observation 
of  twenty-four  hours.  All  the  numbers  opposite  a  were  made 
up  from  the  averages  of  nine  or  more  experiment-plants; 
while  the  numbers  opposite  b  were  made  up  in  the  same 
manner  from  the  same  number  of  control-plants.  The 
original  lei^h  of  roots  and  shoots  indicates  the  length  of 
these  parts  when  measured  for  the  determination  of  the 
normal  rate  of  growth.  The  normal  rate  of  growth  was 
determined  for  all  experiment  as  well  as  control-plants.  The 
column  headed  'Average  growth  during  first  period  after 
injury'  usually  covered  the  time  within  which  a  change  in 
rate  of  growth  became  apparent.  The  last  column  in  each 
table  b  given  for  the  purpose  of  showing  how  long  the 
plants  were  under  observation  after  treatment,  and  also  for 
the  purpose  of  comparing  the  growth  of  the  injured  and  of  the 
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control-pUnts  for  the  total  period  after  injury.  The  difference 
between  the  increase  of  the  injured  and  of  the  control-plants, 
however,  does  not  indicate  the  actual  acceleration  or  retarda- 
tion of  growth  if  the  several  short  periods  show  both 
acceleration  and  retardation. 


Growth  of  root  •fier  »hool  w«s  injured. 
Serie*  I.  \  a. — Entire  ihoot  removed. 

Zta  Jifait.     \  i. — Control. 
Seriei  11.  I  a. — Eolire  ihoot  removed. 

Viria  Faia.  \  #.— Control. 
Serin  III.         I  a. — Plnmale  removed. 

Vicia  Faia.  \  i. — Control. 

Tempentnre,  31°  (conitaot). 


1 

2St 
W5' 

me  of 

'"^S"' 

jrdKriod 

S 

- 

■ 

injury. 

P. 

M  h". 

94  bis. 

48  hit. 

48hrs. 

110  hit. 

t 

b. 

31  mm. 

9.511110. 

9    '1 

38  mm. 

39  » 

«mm. 
3fi     M 

83  mm, 

68    ., 

66  mm. 
47    ,■ 

igjmm. 
151    .. 

f. 

Hhrt. 

34  hit. 

48  hr* 

■  44l«. 

116  hn. 

a. 

a. 

50  mm. 

1401111. 

14  mm. 

t\  mm. 

36  mm. 

1 14  ram. 

iBimm. 

j. 

JO      „ 

iG     „ 

'4    .. 

=  7     » 

36     „ 

7»    .. 

>3S    .. 

P. 

»4h«, 

Mh". 

Mhrs. 

48  hit. 

96  bra. 

HI. 

<t. 

34  m'". 

33  mm. 

43  mm. 

4]  mm. 

6Bmm. 

153  mm. 

i. 

36     .. 

JJ     .. 

4=     .. 

38     „ 

69    „ 

149    .. 

If  we  examine  Table  I,  Series  I  and  II,  we  shall  find  that 
the  injury  produced  an  acceleration  in  the  growth  of  the  root 
as  a  final  result  in  both  series.  In  Series  I  the  acceleration 
began  within  twenty-four  hours,  and  continued  for  five  days. 
In  Series  II  a  retardation  was  observed  during  the  first 
twenty-four  hours,  followed  by  a  period  of  normal  growth, 
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which  in  turn  was  followed  by  a  period  of  acceleration. 
Series  III, Table  1,  shows  neither  acceleration  nor  retardation. 
If  we  now  turn  to  Table  II,  it  will  be  seen  that  the  shoot 
was  influenced  by  an  injury  produced  upon  the  root.  The 
final  result  of  Series  I,  Table  II,  would  indicate  that  no  change 

Table  II. 

Growth  of  leaf  a^er  root  was  mjared. 

Series  I.  J  o. — 5  mm.  removed  from  rool-tip. 

ffardeum.  \  A.— Control. 

Series  II.  J  a. — Three-foaithi  of  each  root  removed. 

Zta  Mais.  \  *.— Control. 

Seriei  III.  I  a. — Elnlire  root  removed. 

Zta  Mail.  \  6. — Control. 

Temperitnre,  11°  (conitant). 


■1 

:. 
II. 
III. 

.«eor 

injury. 

•nd^n-od 

bjury. 

afl=r 

injury. 

p. 

*. 
p. 

28  mm. 
39 ,. 

Srom. 
8    .. 

Jlhn. 
19    .. 

l^hre. 
30  mm. 
38    „ 

>4lir5. 
37  mm. 
40    .. 

31mm. 
19     ,. 

7»hrs. 
98  mm. 

97   .. 

+8mm. 
48    ,. 

jgmm. 
»6    ,. 

Mhrs. 
»5    .. 

»4hT5. 

J4mm. 
19    .. 

48  bn. 
57  mm. 
70    ., 

[J3mm. 
88    ., 

.68  h«. 

J04  mm. 
187    .. 

p. 

57  mm. 
S6    „ 

J3mm. 

34brs. 

16  mm. 
'5    .. 

34hrs. 
17  mo. 

48hrs, 
3:  mm. 
39    .- 

48  bis. 
19  mm. 

61    .. 

110  brs. 
67  mm. 

had  taken  place  in  the  rate  of  growth,  but  an  examination 
of  the  figures  under  the  first  period  after  injury  shows  a 
distinct  retardation,  while  the  figures  under  the  third  period 
indicate  a  slightly  stronger  acceleration.  In  Series  II, Table  I, 
the  retardation  became  apparent  within  twenty-four  hours, 
and  continued  for  three  days,  followed  by  a  period  of  accelera< 
tion  which   also   lasted   for  three   days.      Series  III  of  the 
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Table  III. 

Growth  otihoot  «ftei  root  wu  injured. 
Seriei  1  t  "' — '°  ""■  I*"'*""'  fr""  root -tip. 


1 

1 

oHcinal 
Imgih  »r 

•Rdlinit. 

is. 

Medlinn. 

S 
S. 

AvEngc 

jrdprriod 

I. 

p. 

«mm. 
6)    „ 

ainin. 

9  ■> 

i4hrs. 

irmm. 
'3    » 

48hrs. 
65  mm. 

so  .. 

144  hra. 
9J  mm. 
4<    <• 
60    „ 

jifihn. 
174  mm. 
89    „ 
'30    ,. 

Table  IV. 

id  ihool  kfier  root-tip  wu  tlighlly  iojored. 


Cconittnt). 

1 

Dfun 

S 

Lnjary. 

injury. 

hjury. 
144  hri. 
41mm. 
78     M 

32r 

of  mil 

inju^. 

■flcr 

injury. 

L 

P. 
a. 
h. 

10  mm. 
'9   .. 

3   » 

Mhr.. 
15  mm. 
•4   .. 

»4hr.. 
tSmm. 

48  hn. 
3)    R 

116  hn. 
81mm. 
1 18    „ 

116  hn. 
63  mm. 
3»    « 
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same  table  shows  a  constant  retartlation,  although  the  retarda- 
tion during  the  first  period  of  twenty-four  hours  was  no 
more  marked  than  in  Series  I  and  II,  in  which  the  degree 
of  injury  was  much  less. 

Table  III  shows  the  same  general  results  with  Httiantkns 
as  those  shown  in  Table  II  with  Hordeum  and  Mats.     The 


Table  V. 

Orowlb  orieaf  after  loMip  wu  tajnrcd. 
Sen     I  I  ■'■~'°  """■  K™<"*d  frw  leaf'tipi 


'-! 


— Conltol. 
1  a,— S  """■  refnoved  from  le»f-llp. 

Teinperaluie,  aj°  (coostint). 


1 

Avenge 

onimul 

uorai.] 

^1? 
,^j^^ 

iniury. 

biury. 

inJBnr. 

p. 

J4hn. 

Hh". 

48  h«. 

7»1.«. 

144  hri. 

a. 

36  mm. 

11  nun 

11  mm. 

61  mm. 

S4n"n. 

D^mm- 

*. 

3S    ., 

13    .. 

"3    >. 

6i     ., 

63    .. 

1.17   .. 

'■ 

36    ,. 

13    .• 

■3    ., 

S8    .. 

33    .1 

104  .. 

F. 

14  hn. 

14  bn. 

48  hn. 

168  hr.. 

140  hn. 

o. 

iSmm. 

10  mm. 

11  mm. 

35  mm. 

93  mm. 

isgmm. 

*. 

"    .. 

9   " 

"I    « 

33    X 

13S    -. 

'79   .. 

'■ 

19    ,. 

■  0   „ 

"    ■■ 

J9    .- 

71    .- 

Ml     ,. 

periods  of  variation  in  the  rate  of  growth,  however,  were 
longer  in  the  experiments  with  Helianthus. 

According  to  Table  IV  even  one  millimeter  cut  from  root- 
tips  produced  an  acceleration  in  the  growth  of  the  shoots, 
although  the  growth  of  the  root  was  of  course  retarded. 
During  the  first  twenty-four  hours  after  cutting  no  change 
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could  be  detected  in  the  rate  of  growth  of  either  root  or  shoot, 
but  during  the  following  nine  days  the  rate  of  growth  of  the 
roots  was  distinctly  retarded,  while  the  rate  of  growth  of 
the  shoots  was  just  as  distinctly  accelerated,  though  not  to 
the  same  extent. 

When  leaf-tips  were  cut  off  as  in  Table  V,  the  growth  of  the 
leaves  cut  was  accelerated  if  the  growing  zone  was  not  injured. 
In  Series  I,  Table  V,  the  acceleration  began  after  the  first 
twenty-four  hours  after  injury,  and  continued  for  five  days, 
i.  e.  during  the  whole  growth  of  these  leaves  of  the  seedlings. 

Table  VI. 

Growth  of  shoot  siter  one  leaf  «u  removed. 


Temperaturt,  13°  (corittnt). 

1 

H«Uii>((. 

iS. 

*4? 

p. 

.+h™. 

,4h.s. 

96  hn. 

.9,  hr.. 

JU  b.l 

I. 

... 

164  mm. 

9  mm. 

«>nm. 

104  mm. 

66  mm. 

191  mm. 

h 

161    „ 

9 .. 

"7    .. 

63    .. 

.11    '• 

In  Series  11  a  shows  a  slight  retardation  after  the  first 
twenty-four  hours  followed  by  acceleration,  while  b  shows 
continuous  acceleration  after  the  first  twenty-four  hours, 
returning  to  a  normal  growth  after  about  nine  days. 

The  effect  of  removing  one  of  the  leaves  from  young  shoots 
was  next  investigated.  For  this  purpose  Phaseolus  mulHjiorvs 
was  found  to  give  very  satisfactory  results.  Table  VI  shows 
that  the  acceleration  in  growth  began  within  twenty-four 
hours  after  injury,  and  continued  for  about  thirteen  days, 
showing  a  total  acceleration  of  more  than  70  "/,  of  the  normal 
growth. 
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In  Table  VII,  in  which  the  shoots  were  spht  along  one 
side,  a  retardation  in  the  growth  of  the  shoots  was  appreciable 
during  the  first  twenty-four  hours.  This  was  followed  by 
a  period  of  acceleration  which  continued  for  five  days,  at 
the  end  of  which  time  the  growth-rate  had  again  becoine 
normal. 

When  the  roots  were  split,  no  variation  was  noticeable  in 
either  root  or  leaf  during  the   first    period   of  twenty-four 


Table  Vll. 

Giowlh  of  shoot  efler  tlie  shoot  » 
Series  1.  j  a.— Sbool  spUl  lo  mn 

/ftltaMhus.  i  i.— Control. 

Tcropcnilure,  i  i°  (cd 


s  »j)!it  on  ore  tide. 

on  one  side  nor  the  b»se. 


1 

p. 

AvengE 

si 

■"XT' 

injary. 

s. 

AnniK 

injoiy. 

.,^ 

34  bn. 

4«bn. 

96  hB. 

9«hn. 

.64  hn. 

I. 

A 

jgrom.  |   13  mm. 

15  mm. 

JSmm. 

J7niin. 

tfmm. 

g6mm. 

*. 

30    ..        "    „ 

»6   „ 

18    „ 

18    „ 

«4    ,. 

hours ;  but  after  the  first  twenty-four  hours  acceleration 
began,  and  continued  for  five  days  in  both  root  and  leaf, 
as  shown  in  the  last  two  columns  in  Table  VIII.  The 
secondary  roots  were  longer  and  more  numerous  in  the 
injured  than  in  the  uninjured  plants'. 

A  closer  study  of  secondary  roots  showed  that  their  growth 
was  first  retarded  and  afterwards  strongly  accelerated  under 
the  influence  of  injury  as  seen  in  Table  IX.  Experiment  b 
shows  that  the  splitting  of  the  roots  caused  acceleration  in  the 
growth  of  shoots  as  well  as  of  main  and  secondary  roots. 
The  number  of  secondary  roots  was  also  increased  if  too 
much  of  ,the  main  root  had  not  been  removed,  or  if  the  main 
root  was  split  {b,  Table  IX). 

■  Pfeffer,  Dmck  nnd  ArbeiERlelttniig,  p.  343i  ■^93- 
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Table  VIII. 


Growth  of  leaf  and  root  after  the  root  was  split  near  the  tip. 

Series  I.        (  a. — Roots  split  10  mm.,  beginning  5  mm.  from  the  tip. 
Zea  Mais.  \  h, — Control. 

Temperature,  a  a*  (constant). 


• 

I. 

p. 

a. 

Average 

original 

length 

of  root 

oftwdve 

seedlings. 

Average 
original 
length 
of  shoot 
of  twelve 
seedlings. 

Average 

normal 
rate  of 
growth 
oflea£ 

Average 

growth 

of  leaf. 

xtt  period 

after 

injury. 

Average 
growth 
of  leaf, 

and  period 

after 

injury. 

Average 
growth 
of  leaf, 

3rd  period 

alter 

injury. 

Average 

total 

growth 

of  leaf 

after 

injury. 

Average 

total 

growth 

of  root 

after 

ii\jury. 

a6  mm. 

10  mm. 

a4hr8. 
15  mm. 

15    i> 

a4hn. 

15  mm. 

16  „ 

48  his. 

43    n 

7a  hrs. 
78  mm. 
6a    „ 

168  hrs. 
148  moL 
lai    „ 

168  hrs. 
166  mm. 

134   i> 

Table  IX. 

Growth  of  roots  and  shoots  after  the  roots  were  injured. 

Series  I.  (  a, — 10  mm.  removed  from  root-tips. 

Phauolus     \  k. — Roots  split  10  mm.,  beginning  5  mm.  from  the  tip. 
multiflarus,  (  c, — Control. 

Temperatnrei  aa^  (constant). 


I. 


P. 
a. 

b. 


Average 

original 

length 

of  root 

of  eleven 

seedlings. 


38 

37    M 
35   » 


Average 

original 

length 

of  shoot 

of  eleven 

seedlings. 


17  Mm. 
r«    „ 

17   „ 


Average 

length  of 

secondary 

roots  at 

end  of 

vst  period. 


24  hrs 
68 


53    » 

8a 


99 


Average 
length  of 

secondary 

roots  at 

end  of 

and  period. 


24  hrs. 
ado  mm. 


aio 


aio 


i> 


II 


Average 

length  of 

secondary 

roots  at 

end  of 

3rd  period. 


240  hrs. 
3100mm. 

3300  11 
aioo  „ 


Number  of 
secondary 
roots  at 
end  of  ex- 
pertnent. 


288  hii. 
a6 
4a 
34 


Average 

total 

length 

of  main 

root. 


288  hrs. 
28  mm. 

315  >i 
180  „ 


Awaga 

total 

length 

of  shoot 


ii\}ury. 


288  hrs. 
225  mm. 

"3  II 
17^  II 
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When  the  plants  were  kept  in  a  constant  atmosphere  of 
ether  derived  from  i  cc.  of  ether  in  200  cc.  of  water  (Series  I, 
Table  X),  a  constant  retardation  was  observed,  although  the 
plants  remained  alive  and  grew  for  the  same  length  of  time 
as  the  control -plants,  viz.  about  six  days.  If  a  stronger 
atmosphere  than  the  above  was  used,  a  still  more  marked 


Table  X. 

Growth  of  leives  in  a  eonslant  stmosplieie  of  flhcr. 


Series  I.        \  a.~\  cc.  of  elbci 

Avtna,    \  b. — Control. 
Seiioll. 


^  cc  of  elher  in  100  cc.  of  wi 
CoQlroi, 

Temp«ntute,  10°  (constant^ 


T  (DDder  beU-jan]. 
icr  (uDder  bell-jan). 


I. 

p. 

b. 

oriSS 
length  of 

id«bB. 

iaclher. 

39  mm. 

39    ., 

34  brs. 

16  mm. 

11  mm. 

'7    .. 

I4hrs. 
34    .. 

4Shr.. 
38  mm. 
S6    „ 

48  his. 
'7    ,. 

144  hrt. 
96  mm. 

'34    .. 

II. 

P. 

16  mm. 
16    „ 

s^hfs. 

11  mm. 

iB    „ 

48lirs. 
66  mm. 

S8    „ 

48hrs, 
tomni, 
31     ,. 

71  hn. 
34  mm. 

'7    <• 

ig.hT.. 

'34    " 

i 


retardation  was  apparent.  On  the  other  hand,  if  a  weaker 
atmosphere  of  ether  was  used,  e.  g.  t*o  cc.  of  ether  in  200  cc. 
of  water  (Series  II,  Table  X),  the  growth  was  first  retarded 
and  then  distinctly  accelerated,  the  younger  plants  being 
more  easily  retarded  in  their  growth  than  were  the  older 
ones.  If  less  than  ^  cc.  of  ether  was  used,  no  change  which 
could  not  have  been  due  to  individual  differences  could  be 
detected. 


A 
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Series  I,  Table  XI,  shows  that  seedlings  may  be  shocked 
for  one  hour  with  strong  ether  without  producing  any  marked 
effect  upon  the  rate  of  growth  of  the  leaves.  If  the  shock 
lasted  one  and  a  half  hours,  as  in  Series  II,  an  acceleration 
was  noticeable,  beginning  after   the  first  twenty-four  hours 


Table  XI. 

Groinh  of  leava  kfier  ihocklng  wilh  ether. 
a. — I  how  in  atmotphere  or  ether  (s  cc.  «tber  in  ii 
*.— Control. 


Tempetmlnre,  33°  (comtmt). 


c.wuet). 


\ 

luvu. 
>nd  period 

.ho.:kid|[. 

^Ixxikini. 

B«».hor 

■hocking. 

P. 

.,b". 

19  hn. 

13  hn. 

34  h". 

73  hn 

DO  hn. 

I. 

h. 

as  mm. 
»6    ., 

]i  mm. 

14  mm. 
'7    .. 

14  mm. 

15  „ 

»S    .. 

»gmm. 
"5    .. 

79  mm. 

81    ,. 

P. 

>4b.. 

14  hn. 

34  hn. 

»+br.. 

48  bn. 

liobnL 

IL 

* 

33  mm. 

ijoim. 

30  mm. 

30  mm 

»Smm. 

11  mm. 

9rtmm. 

h. 

3S    » 

»B    ,. 

30    . 

«5    >. 

>6    „ 

73    M 

P. 

Mhrs. 

iihre. 

jSbrs. 

Mh™. 

48  h«. 

uohn. 

in. 

h. 

iRmm. 

18    ., 

19  mm. 
18    „ 

IS  mm. 

3J  mm. 
46    ., 

JO  mm. 

7  mm. 
7    .. 

74  mm. 
9S  .. 

and  continuing  four  days,  !.  e.  as  long  as  the  leaves  of  the 
seedlings  grew.  If  the  shock  was  allowed  to  continue  for 
two  hours,  a  marked  retardation  during  the  first  forty-dght 
hours  was  observed,  followed  by  a  return  to  the  normal  rate 
of  growth,  but  without  acceleration  {Series  III).  A  shock 
N  n 
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of  longer  duration   than   two   hours  usually   caused   either 
a  continuous  retardation  or  death. 

Older  Planls.  5/f/«j.— Satisfactory  results  were  obtained 
in  studying  the  growth  of  the  stems  when  the  roots  were 
injured  in  plants  of  Phaseolus  multiflorus  about  two  weeks 
old.  In  the  experiments  with  these  older  piants  a  single  root 
was  allowed  to  pass  through  the  bottom  of  the  flower-pot  in 
the  manner  already  described.  This  root  was  then  allowed 
to  attain  a  length  of  from  thirty  to  forty  centimeters  below 
the  bottom  of  the  ffower-pot  before  cutting  away,  but  no 

Table  XII. 

Growlh  of  stem  nflcr  a  number  of  sccondni?  roots  were  lemoved. 
Sen'n  I.       j  a. — Aboui  two-tbirds  of  tbe  EecoDdBtjroaUTeinoved  i  cm.  bam  base. 
Phaaeha.  \  6, — Conlrol. 

Tcmpeniture  u"  (conslant). 


1 

"S 

■■'JS-' 

injury. 

injlliy. 

growib 
injury. 

injury. 

injunr. 

p. 

.4b». 

Ijhrs. 

II  hn. 

>4h«. 

14  h«. 

ijohn. 

.9.h». 

^' 

*. 

149  mm. 
'47    .. 

J7mm. 
16     .. 

17  mm. 

19  mm, 
13  .. 

29     „ 

33  13111- 
3'     ,. 

149  mm. 

'7=   .. 

359  mm. 

'57    ,' 

> 


appreciable  variation  in  the  rate  of  growth  of  the  stem  could 
be  detected.  Subsequent  experiments  showed  that  the  injury 
in  this  case  was  not  strong  enough  to  produce  any  decided 
change  in  the  rate  of  growth.  However,  when  a  large 
number  of  the  secondary  roots  were  cut  off  at  a  distance 
of  about  two  centimeters  from  the  main  root,  as  in  Table  XII, 
a  decided  acceleration  in  the  growth  of  the  stem  took  place 
within  twelve  hours  after  injury,  and  continued  for  about 
forty-eight  hours.  This  was  followed  by  a  period  of  normal 
growth  lasting  about  twenty-four  hours,  after  which  came 
a  period  of  retardation  lasting  about  five  days,  at  the  end 
of  which  time  the  stems  were  again  practically  equal   in 
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length,  and  the  normal  rate  of  growth  was  resumed.  It 
was  possible  to  determine  approximately  the  degree  of 
injury  which  had  been  inflicted  upon  these  plants  when  they 
were  removed,  from  the  earth  at  the  end  of  the  experiments. 
When  a  number  6f  the  roots  were  forced  to  grow  into  the 
damp  chambers  and  were  then  cut  away,  the  results  were 
similar  to  those  given  in  Table  XII,  though  in  most  cases  not 
so  marked,  since  the  injury  in  the  latter  experiments  was  not 
so  great,  and  since  it  was  necessary  for  the  influence  to  act 
through  a  greater  distance.     The  number  of  roots  cut  off 

Table  XIII. 

Growth  of  a  leaf  after  another  leaf  was  removed. 

Series  I.  |  a,  b^  and  c, — One  leaf  removed. 
Calla,   \  d^.— Control. 

Temperature,  17-ai". 


1 

p. 

Average 
original 
length 
of  leaf 
of  five 
plants. 

Average 
normal 
rate  of 
growth 

of  leaves. 

Average 

growtn 

of  leaves, 

ist  perioa 

after 

injury. 

Average 

growtn 

of  leaves, 

and  period 

alter 

injury. 

Average 

growtn 

of  leaves, 

3rd  period 

after 

injury. 

Average 

growtn 

of  leaves. 

4th  perioa 

after 

injury. 

Average 

growth 

of  leaves, 

5th  period 

after 

injury. 

Average 

toul 

growth 

of  leaves, 

after 

injury. 

34  hrs. 

6  hrs. 

34  hrs. 

34  hrs. 

34  hrs. 

96  hrs. 

1 74  hrs. 

a. 

345  mm. 

a  J  mm. 

10  mm. 

3a  mm. 

30  mm. 

37  mm. 

68  mm. 

167  mm. 

I. 

b. 

150    »» 

»7    „ 

8    „ 

35      M 

18    „ 

10    „ 

40    fi 

loi    „ 

f. 

aii    ., 

ao   M 

n  ». 

37    ,» 

45    i> 

25     ». 

78    M 

198    „ 

d. 

185       M 

18    „ 

4-5  M 

19    » 

18    „ 

17       H 

64    „ 

iia-5». 

was  only  about  one-third  as  many  21s  in  the  previous  experi- 
ments, and  the  irritation  had  to  act  through  nearly  twice  the 
distance. 

Leaves, — The  growth  of  young  leaves  of  Calla  was  found 
to  be  nearly  uniform  from  day  to  day  when  the  conditions 
were  normal  and  constant.  If  however  the  plant  was  dis- 
turbed by  the  removal  of  one  of  the  full-grown  vigorous 
leaves,  the  rate  of  growth  of  the  young  leaves  was  decidedly 

N  n  2 
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accelerated  within  six  hours.  The  acceleration  continued 
from  one  to  five  days,  after  which  came  a  period  of  normal 
growth,  followed  in  some  cases  by  a  period  of  retardation 
(Table  XIII). 

Roots. — No  appreciable  change  in  the  rate  of  growth  of 
roots  could  be  detected  in  the  older  plants,  even  when  the 
entire  stem,  of  P/iaseoliis  for  example,  was  cut  away,  leaving 
only  the  first  pair  of  leaves.  Also  in  Catla  no  change  was 
produced  in  the  rate  of  growth  of  the  roots  by  the  removal 
of  a  leaf,  although  this  same  injury  produced  such  a  com- 
paratively sudden  and  marked  change  in  the  rate  of  growth 
of  the  young  leaves. 

Cuttings. — A  few  experiments  were  performed  with  cuttings 
of  Sa/ix,  the  results  of  which  were  similar  to  those  already 
shown.  Owing  however  to  the  smal!  number  of  experiments 
and  to  the  slight  changes  in  the  rate  of  growth,  further 
investigations  are  necessary  before  the  results  can  be  tabulated 
with  satisfaction, 

PItycomyces. — When  the  mycelia  were  cut  near  the  base 
of  the  sporangium -stalk,  the  rate  of  growth  of  the  stalk  was 
immediately  reduced  in  a  very  marked  degree,  but  in  no  case 
examined  did  the  growth  entirely  cease.  The  sporangium- 
stalk  began  in  a  few  minutes  to  recover  its  rate  of  growth, 
and  in  from  thirty  to  sixty  minutes  was  growing  again  at  the 
usual  rate.  No  change  was  observed  in  the  rate  of  growth 
of  the  sporangium-stalk  if  the  mycelia  cut  were  comparatively 
thin,  or  if  the  larger  mycelia  were  cut  only  near  the  tips.  In 
those  experiments  in  which  one  of  two  or  more  sporangium- 
stalks  was  cut  off,  the  uninjured  stalk  showed  a  still  stronger 
retardation  in  the  rate  of  growth  than  when  the  mycelia  were 
cut,  and  the  retardation  in  some  cases  continued  for  a  longer 
time.  But,  as  in  the  preceding  experiments,  the  growth  did 
not  absolutely  cease. 

While  the  above  table  would  indicate  that  observations 
were  made  only  at  intervals  of  ten  minutes,  it  was  really 
the  case  that  the  plants  were  not  removed  from  before  the 
microscope.    The  treating  and  refocussing  required  but  a  few 
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seconds,  and  the  stalks  were  watched  closely  for  the  first 
few  seconds  after  treating.  After  the  rate  of  growth  of 
a  stalk  had  recovered  from  the  effect  of  cutting  one  mycelium, 


Table  XIV. 

Growth  of  sporangimn-stalks  of  Pkycomyces  after  other  sporangium -stalks 
or  mycelia  were  cut  off  or  treated  with  KNO«. 

Temperature,  l7-J0^ 


Observa- 
tion 
periods. 

Growth  of 
sp,-stalk 

after 
mycelia 

cut  once. 

Growth  of 

sp.-stalk 

after 

mycelia 

cut  twice. 

Growth  of 
sp.-stalk 
alter  an- 
other sp.- 
sulk  was 
cut  once. 

Growth  of 
8D.-stalk 
aRer  an- 
other sp.- 
stalk  was 
cut  three 
times. 

Helioptro- 

pismof 

sp.-sulk 

after 
mycelia 
were  cut 

once. 

Growth  of 

sp.-stalk 

after 

KNOs 

applied  to 

mycelia. 

' 

10  min. 

Spaces. 
II 

Spaces. 
7 

Spaces, 
ao 

Spaces, 
ao 

Spaces. 
3 

Spaces. 
8 

N. 

» 

la 

7 

ao 

aa 

3 

8 

\ 

»i 

13* 

8* 

ai* 

as* 

3* 

9* 

>f 

3 

3 

I 

I 

i 

5 

II 

4 

4 

8 

10 

* 

a 

II 

5 

6 

15 

14 

I 

0 

II 

7 

8* 

ao 

1 8* 

«* 

0 

*i 

10 

3 

ao 

18 

a 

of 

» 

II 

5 

aa 

ao* 

3 

0 

II 

13 

8 

n 

aa 

3 

0 

II 

M 

9 

a6 

aa 

3 

I 

>i 

15 

9 

a6 

H 

4 

3 

One  space  •■  ^  of  a  millimeter. 
N  shows  normal  growth  for  three  periods. 
*  Indicates  the  time  of  ininry. 

t  In  the  last  column  indicates  that  the  5%  KNOg  solution  was  gradoaUj 
displaced  by  water. 

the  rate  of  growth  was  again  reduced  to  the  same  extent 
if  another  mycelium  of  the  same  size  was  cut,  the  period 
of    recovery    being    shorter    u.sually    in    the    second    casQ 
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(Table  XIV,  columa  3).  If  a  stalk  was  cut,  the  reduction 
in  growth  was  greater  than  %vhen  a  mycelium  wras  cut 
(Table  XIV,  column  4).  In  column  5,  Table  XIV,  the  same 
stalk  was  cut  three  times.  The  first  time  about  one-third 
of  the  stalk  was  removed,  causing  a  decided  retardatioa  in 
growth  of  another  stalk  on  the  same  plant.  The  second  and 
third  cuttings  removed  the  remaining  two-thirds  of  the  same 
stalk,  but  produced  no  change  in  the  rate  of  growth  of  the 
stalk  under  observation. 

When  a  solution  of  from  3  to  5°/,  of  KNO3  was  applied  to 
the  mycelia  of  Phycomyces,  the  growth  of  the  stalk  was 
gradually  retarded  until  it  finally  ceased-  If  the  turgor  was 
restored  by  displacing  the  KNO3  solution  with  water,  the 
growth  began  again  in  from  twenty  to  sixty  minutes.  The 
length  of  time  required  for  the  resumption  of  growth 
depended  upon  the  strength  of  the  KNOj  solution  used,  and 
upon  the  time  during  which  the  growth  had  ceased.  Cross- 
walls  formed  in  the  mycelia  in  from  one  to  two  hours  after 
cutting,  while  the  return  to  the  normal  rate  of  growth  usually 
took  place  in  from  thirty  to  sixty  minutes ;  hence  it  is  clear 
that  the  formation  of  cross-walls  could  not  have  influenced 
the  return  to  the  normal  rate  of  growth. 


Conclusions. 

Distance  through  which  the  irritation  acted"*.  When 
nearly  the  entire  root  of  seedlings  was  removed,  the  point 
of  injuiy  was  only  from  one  to  ten  millimeters  from  the 
lowest  point  of  the  growing-zone  of  the  shoot.  Likewise 
when  the  leaf-tips  were  removed  (as  in  Table  V),  or  a  leaf 
was  cut  from  the  growing  shoot  (as  in  Table  VI),  the 
shortest  distance  to  the  zone  of  growth  did  not  exceed  a  few 
millimeters.  On  the  other  hand,  if  the  root-tip  alone  was 
removed  or  split,  the  irritation  had  to  act  through  nearly  the 

'  Rolheit,  Ucbcr  lieliotropiimus;  Coha's  BeiUige  tur  Biologic  dec  P&umd, 
Vol.  vii,  p.  66,  1896. 
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entire  length  of  the  root  in  order  to  afTect  the  growth  of 
the  shoot.  This  distance,  as  shown  by  the  tables,  varied 
from  twenty  to  fifty  millimeters.  In  like  manner,  when  the 
shoot  was  injured,  it  was  necessary  for  the  influence  of  the 
irritation  to  travel  nearly  the  entire  length  of  the  root  in 
order  to  affect  the  growing-zone.  Furthermore  it  was  not 
sufficient  for  the  irritation  simply  to  reach  the  growing-zone, 
but  it  was  necessary  for  it  to  extend  through  a  part  or  all  of 
the  cells  of  the  zone  in  order  to  affect  the  growth. 

In  the  older  plants  the  distance  through  which  the  irritation 
acted  was  much  greater  than  in  the  seedlings.  In  Phaseolus^ 
for  example,  the  entire  growth  of  the  stem,  after  the  roots 
were  injured,  took  place  above  the  first  pair  of  leaves,  which 
were  from  95  to  150  mm.  above  the  root.  The  secondary 
roots  were  injured  at  least  %o  mm.  from  the  main  root,  so  that 
the  distance  from  the  point  of  injury  to  the  growing-zone  of 
the  stem  was  from  115  to  170  mm.  In  the  Phaseolus  plants 
in  which  the  roots  extended  into  damp  chambers  before 
injury,  the  distance  was  still  greater.  The  flower-pots  used 
were  1 10  mm.  deep.  This  added  to  the  95  or  150  mm.  made 
a  distance  of  from  205  to  260  mm.  through  which  the  influence 
must  have  acted.  In  Calla  the  distance  between  the  point  of 
injury  and  the  zone  of  growth  varied  from  50  to  80  mm.  In 
Phycomyces  the  distance  was  from  10  to  50  mm. 

These  distances  are  by  no  means  to  be  regarded  as  the 
limits  through  which  such  irritation  will  influence  growth. 
The  distance  through  which  an  influence  will  act  depends 
upon  the  degree  of  injury  and  upon  the  external  and  internal 
conditions  of  the  individual  plants. 

Titne, — In  experiments  relative  to  the  time  required  for  the 
influence  of  the  irritation  to  exhibit  itself,  observation  with 
the  horizontal  microscope  showed  that  there  was  no  sudden 
change,  due  to  injury,  in  the  rate  of  growth  of  higher  plants. 
It  was  only  by  extending  the  period  of  observation  over 
several  hours  that  a  distinct  difference  in  the  rate  of  growth 
could  be  detected.  It  is  therefore  impossible  to  say  definitely 
at  what  time  an  acceleration  or  a  retardation  of  growth  bq;an. 
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In  some  of  the  experiments  a  distinct  difference  in  the  rate  of 
growth  Tn-as  observed  in  six  hours,  while  in  other  cases  no 
change  could  be  seen  within  twenty-four  hours  after  injurj'. 
Even  among  plants  of  the  same  species  and  under  the  same 
conditions  there  were  individual  differences  in  the  time 
required  for  the  variation  in  the  rate  of  growth.  It  was  rare 
that  a  change  in  the  rate  of  growth  which  could  not  be 
accounted  for  by  individual  differences  was  noticeable  in  less 
than  six  hours.  Tl>e  duration  of  the  retardation  or  accelera- 
tion depended  largely  upon  the  d^ree  of  injury.  If  the 
injury  was  sufficiently  severe,  the  retardation  continued 
throughout  the  life  of  the  seedling;  while  with  a  less  severe 
injury  the  retardation  lasted  only  from  one  to  three  daj-s,  and 
was  often  followed  by  a  period  of  acceleration  (Table  11.  Series 
II  and  III).  If  the  injury  was  slight,  it  was  usually  followed 
by  acceleration  without  an  intervening  period  of  retardation 
(Table  VI).  The  influence  of  the  irritation  upon  the  seedlings 
was  usually  much  more  gradual  than  upon  the  older  plants. 
The  total  period  covered  by  a  variation  in  the  rate  of  growth 
due  to  a  single  irritation  varied  from  one  to  twelve  days,  and 
depended  upon  the  condition  of  the  individual  plant  and  upon 
the  degree  of  injury.  It  was  possible  for  the  retarding  and 
accelerating  influences  to  neutralize  each  other  so  that  the 
final  result  was  the  same  as  if  no  injury  had  been  inflicted. 
Indeed  it  was  possible  for  the  flnal  result  to  indicate  a  slower 
growth  than  the  normal  even  though  the  injury  was  followed 
by  a  period  of  acceleration,  provided  that  a  strong  retardation 
followed  or  preceded  the  acceleration. 

With  Phycomyces  a  reduction  in  the  rate  of  growth  took 
place  immediately  after  cutting,  as  shown  in  Table  XIV. 
The  retardation  was  evidently  due  to  a  change  of  turgor 
rather  than  to  an  irritation  produced  by  cutting.  At  any  rate, 
it  is  impossible  to  know  what  part  the  irritation  plays  in 
these  experiments  so  long  as  the  influence  of  turgor  is  not 
eliminated. 

Extent  of  variation  in  growth.. — It  is  apparent  from  a  study 
of  the  preceding  tables  that  a  change  in  the  rate  of  growth 
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due  to  injur>'  may  var>'  from  o  to  ;o  /,  of  the  normal  rate.  It 
is  evident  that  some  plants  respond  much  more  readily  to  the 
influence  of  an  irritation  than  others.  This  accounts  in  |>art 
for  the  Rreat  variation  in  different  s|>ecies.  It  ap|)cars  how- 
ever  that  an  injury  has  two  op|K)site  effects  u|)on  i;rowth,  one 
of  acceleration,  the  other  of  retardation.  It  is  clear  that  these 
op|>osin(^  tendencies  may  be  so  nearly  equal  that,  althou^^h 
the  plant  is  a  sensitive  one,  no  appreciable  clian(;e  in  the  rate 
of  grouth  can  be  observed.  If  the  tendenc>'  of  the  irritatioa 
to  retard  the  |;rov^th  is  weaker  or  of  shorter  duration  than  is 
the  tendency  to  acceleration,  the  plant  will  s<x>n  show  si^^ns  of 
acceleration  and  vice  xrrsa.  It  is  seen  from  the  tables  that 
the  retardinf;  influence  is  stron^^r  than  the  accelerating 
influence  under  a  severe  injury,  but  that  the  retarding;  in- 
fluence diminishes  more  rapidly  than  does  the  accelerating 
influence.  It  is  im|>ossible  to  determine  if  the  retarding 
influence  ever  ceases  entirely,  or  if  the  hij^hest  deforce  of 
acceleration  is  ever  reached.  We  can  only  say  that  the 
amount  of  variation  in  i;rowth  is  the  difference  between  the 
auceleratin);  and  the  rrtardini;  tendencies.  If  these  opiMising 
tendcmcies  are  in  a  state  of  e<)uilibriuni,  the  f^pmth  will  be 
constant  from  |>etioil  to  |)eriiHl.  The  activities  of  i;nmth* 
may  serve  as  an  irritant  to  disturb  this  state  of  etpiilibrium,  as 
shown  by  the  almost  con^^tant  variation  in  the  rate  «>f  growth 
of  normal  plants. 


Sl'MMAkV 

A  single  irritation  priKluced  by  cuttini;  or  splittini;  the 
slioots  or  riHiti  or  removing*  the  leaf- tips  of  seedlings  tends  to 
priMlucr  a  change  in  the  rate  of  i;rowth  «>f  the  mjuretl  and  of 
the  uninjurrti  parts 

If  the  injury  is  sli|*ht,  si^ns  of  an  acceleration  in  the  rate 
of  (growth  will  Ix*  ap|»arrnt  in  from  six  to  twenty-four  hours, 
aiul  will  C(»ntinue  lor  trtiin  one  to  several  days.     If  the  injury 


532   Townsend. —  Growth  under  Influence  of  Injuries. 

is  severe,  the  acceleration  will  be  preceded  by  a  period  of 
retardation  of  longer  or  shorter  duration,  depending  upon  the 
severity  of  the  injury  and  upon  the  condition  of  the  plant 
injured. 

The  growth  of  the  stems  of  older  plants  is  accelerated  by 
removal  of  a  number  of  the  roots  or  leaves,  but  is  not  affected 
by  a  slight  injury  to  the  roots. 

The  roots  of  older  plants  as  well  as  of  seedlings  are  more 
independent  than  are  the  stems  or  shoots '. 

The  change  in  the  rate  of  growth  of  higher  plants  under  the 
influence  of  a  single  irritation  begins  gradually,  reaches  its 
maximum  in  from  twelve  to  ninety-six  hours,  and  gradually 
diminishes  until  the  normal  rate  is  resumed. 

A  dilute  but  continuous  atmosphere  of  etlier,  or  a  strong 
shock  of  ether  of  short  duration,  will  produce  an  acceleratioo 
in  growth. 

The  total  variation  in  the  growth  of  higher  plants  due  to 
the  influence  of  a  single  irritation  is  from  o  to  70°/,  of  the 
normal  growth  for  the  same  period. 

The  growth  of  sporangium-stalks  a^  Pkycotnyces  ts  suddenly 
and  strongly  retarded  by  cutting  either  the  mycelia  or  another 
sporangium -stalk  on  the  same  plant.  The  growth  does  not 
entirely  cease,  and  gradually  recovers  its  normal  rate  in  from 
thirty  to  sixty  minutes. 

The  influence  of  an  irritation  due  to  cutting  or  other  injury 
is  capable  of  acting  through  a  distance  of  several  hundred 
millimeters. 

'  Kny,  I.e.,  p.  180. 
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THE  Fern  which  forms  the  subject  of  the  present 
communication,  Polypodium  Schneideri^  was  first  raised 
at  Messrs.  Veitch's,  Chelsea,  by  Mr.  Schneider  several  years 
ago,  and  he  has  several  times  succeeded  in  producing  it 
afresh.  The  two  parents  were  P.  aureum^  and  a  variety 
of  P.  vulgare  known  as  eUgantissimum.  The  latter  plant 
occurs  wild  in  some  parts  of  Cornwall,  and  it  shows  some 
tendency  to  revert,  in  the  form  of  its  leaves,  to  the  common 
P.  vulgare  type.  The  spores  from  the  varietal  leaf-form 
were  sown,  and  when  mature  prothallia  had  been  secured, 
they  were  planted  along  with  prothallia  from  P.  aureum. 
This  method  had  to  be  adopted  on  account  of  the  very 
different  rates  of  development  of  the  gametophyte  in  the 
two  species  respectively,  that  of  P.  aureum  being  relatively 
very  rapid. 

I  may  say  that  I  have  had  a  conversation  on  the  subject 
of  the  Fern  with  Mr.  Schneider  himself,  who  kindly  showed 
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tf^  growth  and  io  its  thick  and  densely 
ramcntoae  rhizome,  the  hjrbnd  approximates  far  more  closely 
to  the  character  of /*.«»/»««  than  to  that  of  F.f/^d«/ijjrii«««*, 
which  possesses,  relatively  speaking,  a  slender  rhizome  which 
is  not  specially  densely  clothed  with  scales.  Again,  the 
presence  of  these  ramenta  (ahhough  but  sparsely  scattered) 
on  the  rachis  of  the  young  fronds  of  P.  aureum,  and,  though 
in  a  less  degree,  on  those  of  P.  Schmi^tri  also,  appears  in 
marked  contrast  with  the  naked  leaf-stalk  of  the  other  parent. 
And  this  is  the  more  singular  inasmuch  as  in  other  respects 
the  general  appearance  of  the  frond  of  the  hybrid,  save  io 
its  far  larger  size,  very  closely  resembles  that  of  P.  cUgan- 
tissitnuin.  and  is  not  at  all  like  that  of  P.  aureum. 

It  has  been  said  that  P.  eUganlissimum  shows  a  tendency 
to  '  revert  * '  to  the  simpler  form  of  P.  vulgare,  and  the  same 
peculiarity  is  manifested  tn  its  bastard  offspring.  Sometimes 
only  a  few  pinnae,  or  even  a  half-pinna,  may  exhibit  the 
'reversion'  (PI.  XXIV,  Figs.  17,  18);  sometimes  it  extends 
to  all  the  leaves  on  a  branch  (Fig.  19),  and  I  saw  a  number 
of  plants  obtained  from  cuttings  of  auch  branches  which 
had  grown  and  remained  true.  But  the  greater  number 
of  reverted  fronds  of  the  hybrid  were  not  quite  like  those  of 
the  P.  vulgare  type.  Some  of  them  exhibited  the  bluish 
bloom,  and  others  the  peculiarly  wavy  texture  so  character- 
istic of  P.  aureum.    It  was  in  the  general  outline  that  the 

'  I  UM  the  cuita[led  fono  at  the  name  for  the  wke  of  brerity. 

*  The  UM  of  the  teniii  '  tevnt '  and  '  revcrelon '  i\  merely  one  of  cooTenience, 
tnd  li  not  Intended  u  implying  an  nprniion  of  opinion  on  the  general  qneitioDi 
of  RtaviitlG  or  dltcontinuont  wiuioni. 
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P.  vulgare  parentage  was  most  strongly  pronounced.  The 
differences,  inter  se,  of  these  reverted  fronds  is,  I  conceive, 
one  of  special  interest,  as  affording  a  striking  illustration 
of  the  unstable  character  of  the  hybrid. 

Turning  to  the  internal  structure  of  the  stem  and  of  the 
petiole,  we  find  a  close  approximation,  though  not  a  complete 
resemblance,  between  P,  Schneideri  and  P.  aureutn. 

The  rhizome  is  almost  exactly  alike  in  the  two  cases,  if 
one  makes  due  allowance  for  a  certain  disparity  of  size.  In 
both  forms  the  vascular  system  is  more  complex,  and  the 
steles  are  larger  than  are  those  in  P.  elegantissimunt. 

In  the  leaf-stalk  of  P.  Schneideri  the  preponderance  of 
aureum  characters  is  clearly  marked,  though  in  a  less  degree 
than  in  the  rhizome.  Thus  an  average-sized  frond  oiP,  aureum 
was  found  to  possess,  at  the  base  of  the  stalk,  two  large 
steles  beneath  the  adaxial  face,  together  with  four  or  five 
small  ones,  the  whole  group  being  disposed  in  a  circle,  as  is 
shown  in  PI.  XXIII,  Figs,  i,  2,  3.  The  number  of  the  small 
steles  varies  irregularly  at  different  heights  of  the  petiole, 
owing  to  the  frequent  anastomoses  and  repeated  divarications 
which  occur  amongst  them.  On  the  other  hand,  the  course 
of  the  two  large  adaxial  steles  is  very  regular.  They  run  in 
a  nearly  parallel  direction  up  the  leaf-stalk,  only  fusing 
at  a  short  distance  below  the  regi6n  of  the  lamina.  As 
regards  P,  elegantissimunty  the  petiole  possesses  a  far  less 
complex  vascular  system.  At  the  base,  two  large  adaxial 
steles  can  be  seen,  accompanied  usually  by  one  but  some- 
times by  two  very  much  attenuated  strands,  corresponding 
to  the  four  or  five  subsidiary  steles  of  P.  aureum.  At  a  very 
short  distance  up  the  stalk,  however,  the  two  larger  strands 
can  alone  be  seen,  and  these  fuse  together  about  half- 
way up  the  petiole  (PL  XXIII,  Fig.  5).  An  inspection  of 
Figs.  1-8  on  Plate  XXIII  will  serve  better  than  a 
description  to  illustrate  the  much  greater  approximation  of 
P,  Schneideri  to  P.  aureum^  as  regards  its  vascular  system, 
than  to  its  other  parent.  The  two  large  steles  fuse  rather 
earlier   in   the  hybrid,  and   the  number   of  the   subsidiary 


r 
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I        is,   on   the   average,   rather    less    and    their   ; 
•iler,  than  in  P.  aurcum. 
It  is  not  a  valid  objection  to  the  legitimacy  of  instituting 
these  comparisons  to  urge  that  the  degree  of  vascular  com- 
plexity and  development  is  merely  conditioned  by  the  size 
and    luxuriance  of  the   organ   concerned.      Of  course   these 
factors  proximately  determine  whether  large  or  small  channels 
shall   be   sufficient,  but   they   do    not   necessarily  affect    the 
rticular  method  of  arrangement,  or  the  relative  proportions 
isting  between  the  various  constituent  strands. 
Turning  to  the  sclerenchyma  which  occurs  at  the  periphery 
the  leaf-stalk,  it  is  seen  that  in  this  particular  also  the 


)ne  parent  {^P.  auremn)  than 
a  little  thicker,  relatively 
section  in  P.  Sciineideri, 
..rongly  lignified.  In  this 
in  which  the  band  is 
developed,  its  cells  are 
each  other  more  effec- 
:d  and  lignified  than  in 


more  closely  rcsi 
Other.     The  band  is 
diameter  of  the  i 
Liie  cells  are  somewhai 
,y   approach    P.   elegant iss 
?i  far    more 

.^^lO  are  dovetailed 
and  are  both  more 
uKreum. 

As  the  leaf-blades  of  P.  Sckmideri  and  P.  elegantissimum 
more  nearly  resemble  each  other,  a  considerable  degree  of 
similarity  might  be  looked  for  in  their  epidermal  cells 
and  stomata.  The  resemblance  as  a  matter  of  fact  is  fairly 
close  (PI.  XXIII,  Figs.  lo,  ii),  but  there  are  obvious  differ- 
ences of  detail.  Thus  the  epidermal  cells  of  the  hybrid  are 
a  little  larger,  although  not  nearly  as  large  as  those  of 
P.  aureum  (Fig.  9),  but  the  guard-cells  of  the  stomata  closely 
resemble  the  guard-cells  of  the  last-mentioned  plant,  save  in 
their  smaller  size. 

The  roots  of  the  three  Ferns  show  a  complete  series  of 
gradations,  those  of  the  hybrid  standing,  on  the  average, 
exactly  halfway  between  the  thin  ones  of  P.  eleganiissimutit 
and  the  much  thicker  ones  of  P.  aureum.  But  the  degree 
of  variation  in  the  detailed  structure  of  the  individual  roots 
of  even  one  specimen  renders  these  otgans  less  suitable  than 
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the  rest  for  our  present  purpose,  and  they  uill  nut  be 
further  consiilered  here. 

Turninfv  now  to  the  sporan^^ia,  I  have  already  alluded  to 
the  dimorphic  character  of  the  leaves  in  both  /*.  rlrganiis* 
simum  and  /*.  Schneuiirri,  In  the  former  Fern  the  sori  are 
found  far  more  abundantly  on  the  plain  than  on  the  dis»- 
tectcd  fronds,  and,  when  plain  pinnae  occur  on  a  dissected 
frond,  the  Nori  are  far  more  abundant  on  the  uncut  |K)nionii 
(ri.  XXIV,  V\^.  i.vOi  ••**'^'  *^^  siMiran^ia  of  both  leaf-forms 
pnxluce  terminable  s|x)res.  and  indeetl  it  was  from  s|K>res 
of  thc!»e  di.HSccted  leaves  that  the  {urcnt  prc»thallia  were 
grown.  In  the  ca^c  of  /*.  Sthpiruten^  h«mevcr,  it  is  rare  to 
find  spi>r.in(;ia  u|>on  the  dissected  leaf  at  all,  and  when  they 
do  occur  they  are  quite  barren.  Mr.  Schneider  tells  mc  he 
h.is  nexer  succeeded  in  raisin|]r  any  pn>thallia  from  them, 
and  his  statement  is  borne  out  by  the  fact  ttut  in  all  the 
>|KX'imenN  1  was  able  to  examine  I  f«>und  the  s|)oreH  de- 
generated. The  abortion  fre(iuentlyd«>es  not  become  ap|>arcnt 
until  the  s|M>re' mother-cell,  or  c%'cn  the  tetrad,  stage  is 
reaches!  ;  but  in  any  case  the  mature  s|>»rangium  only  con- 
tains a  granular  mass  resembling  a  heap  of  angular  com|>osite 
starch-grains. 

In  marked  contrast  to  the  scarcity  of  !%|)orangia  on  the  norma! 
fronds  of /'.  Siknntttfi  stands  tlieir  extreme  abuntiancron  the 
re\ertetl  leaves;  even  any  (xid  pinn.i  of  a  otumal  frt»nd  which 
exhibits  a  plain  instea«l  of  a  cut  i>utlifie  is  commonly  crowdetl 
iMth  Mui  \V\.  XXIV.  Fig.  iH|.  And  yet  it  is  quite  certain 
that  the  majority  at  any  rate  of  these  s|xirangia  are  sterile. 
S«>me  ap|>rar.  n«it\%ithstanding,  to  |H>ssrss  giMni  s|K>res,  but 
thry  have  not  yet  licen  succes%ful)y  germifute^i.  Merc 
ap|»rar4iice.  houc\*er.  forms  but  an  unsafe  guide  \t\  cstimalini; 
germinating  i^iwer.  JkM  is  proved  by  the  case  of  AJianimm 
i'*n:t)fHif,  I  his  Fern  is.  i.n  g.wKl  gmunds.  lielievetl  tt»  have 
arisen  as  a  s|H»rt  fnun  .1.  irnrrum  in  Harliadtis.  and  althi>ugh 
it  s-»inct'mes  Xhax^  "^im  rangu  containing  s|Mires  w^hich  are 
Xn  all  api^carance  gi^Hl.  they  are  said,  by  the  best  authorities 
com|Ktcnt  to  judge,  to  be  inca|>able  of  germination.      It  is 
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known  that  vigorous  sports  are  sometimes  highly  sterile,  and 
this  circumstance,  coupled  with  the  frequent  luxuriance  in 
v^etative  development  of  sterile  leaves,  has  given  rise  to 
a  doctrine  of  correlation  which  is  doubtless  a  neat  way  of 
expressing  the  facts,  but  which  in  reality  leaves  us  exactly 
where  we  were  before.  It  seems,  however,  not  altogether 
improbable  that  an  extended  experimental  study  of  dimorphic 
Fern-leaves  might  well  prove  to  be  one  of  the  avenues  leading 
to  a  clearer  conception  of  the  essential  differences  between 
what  we  at  present  term  vegetative  and  reproductive  activity. 

Regarding  the  plant  now  under  discussion  from  another 
aspect,  there  are  some  interesting  points  of  contact  between  it 
and  other  hybrids,  as  for  example  the  famous  Cytisns  Adami, 

The  latter,  as  is  known,  is  a  hybrid  between  the  arborescent 
C.  Laburnum  and  the  shrubby  C.  pitrpureus,  although  it  is 
by  no  means  agreed  as  to  whether  it  arose  as  a  seminal  or 
a  graft  hybrid.  The  authority  for  the  latter  origin  rests 
chiefly  on  the  statements  made  by  Adam,  and  on  the  failure 
of  all  attempts  to  cross  the  two  parent  forms. 

The  C.  Adatni  produces  on  the  same  plant  flowers  and 
shoots  which  may  be  roughly  referred  to  three  categories ' : — ■ 

1.  The  hybrid  flowers,  intermediate  between  the  two 
parents,  and  often  highly  variable. 

2.  Flowers  closely  resembling  the  Laburnum,  and  these 
are  commonly  borne  on  specially  vigorous  shoots. 

3.  Shoots  with  flowers  and  leaves  of  x'hi  purpureas  type. 
Now  the  regular  Adami  flowers  are  sterile.     The  pollen  is 

indiflerent,  and  the  ovules,  according  to  Caspary,  are  monstrous 
and  incapable  of  fertilization.  But  the  two  reverting  forms 
can  both  set  good  seed  from  which  new  plants  can  be  raised. 
And  although  the  seedlings  thus  obtained  closely  resemble 
the  parent  form  to  which  the  seed-bearing  shoot  had  reverted, 
it  is  clear  that  they  have  not  purged  themselves  of  their 
mixed   origin,   since   Herbert',   while    hinting   at   a   certain 

'  Sm  de*criptioD  (with  colonred  platei)  by  Edouaid  Morren  in  La  Bel^qne 
Hoiticole,  1S71. 
'  Hetbttt,  Jonni.  Hort.  Soc,  »ol.  ii. 
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amount  of  variability  amongst  the  fnirpureus  lot,  expressly 
mentions  the  fact  that  a  purple  colour  was  sometimes  present 
on  the  flower-stalks  of  seedling-plants  which  otherwise  would 
be  referable  to  C  Laburnum.  The  fact  that  the  reversion  to 
the  parent  form  in  C.  Adami  is  both  more  perfect  and  also 
seems  to  be  accompanied  by  a  corresponding  increase  in 
fertility,  when  compared  with  the  state  of  things  present 
in  P*  Schneideri,  does  not  in  any  way  affect  the  Intimacy 
of  instituting  a  comparison  between  these  two  plants;  but 
rather  adds  to  its  interest. 

Although  the  reversion  on  the  part  of  the  Polypody  is 
commonly  in  the  direction  of  the  vtdgare  type,  indications 
are  not  wanting,  as  has  already  been  stated,  that  the  aureum 
form  may  also  reassert  itself ;  and  in  the  Cytisus  it  is  usual 
for  one  (commonly  the  Laburnum)  parent  to  manifest  itself 
before  the  other.  The  extreme  sterility  of  the  hybrid  type 
in  both  cases  is  of  special  interest  when  contrasted  with  the 
known  fertility  of  the  reverted  portions  of  Cytisus  and  their 
possible  fertility  in  the  Fern.  Even  should  the  spores  of  the 
latter  prove  not  to  be  germinable,  they  are,  as  microscopic 
examination  shows,  far  less  hopelessly  barren  than  are  those  on 
the  hybrid  plants,  and  they  are  immeasurably  more  numerous. 

Of  course  it  may  be  argued,  as  has  already  been  hinted, 
that  the  sterility  of  the  hybrid  leaf  is  not  necessarily  a  con- 
sequence of  its  hybrid  origin,  but  is  merely  correlated  with 
the  foliar  expansion,  just  as  the  leafy  sterile  part  of  an 
Osmunda  frond  is  said  to  be  when  compared  with  its  con- 
tracted fertile  part.  And  it  might  be  urged  that,  on  my  own 
showing,  the  dissected  fronds  of  P.  elegantissimum  are  not 
so  sporangiferous  as  are  those  which  have  assimilated  them- 
selves to  the  vulgare  type.  But  the  first  argument,  even 
if  the  premises  be  admitted,  is  not  to  the  point;  and  with 
regard  to  the  second,  it  may  be  said  that  we  are  thereby 
brought  no  nearer  to  accounting  for  the  absolutely  sterile 
nature  of  the  hybrid  spores,  whether  the  sort  are  produced  in 
abundance  or  not,  and  this  peculiarity  must,  I  think,  depend 
on  some  intimate  change  in  the  configuration  or  composition 
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of  the  protoplasm,  and  I  believe  we  may  here  fairly  ascribe 
it  to  the  effect  of  the  crossing.  Although  it  may  be  pre- 
mature to  speculate  on  the  nature  of  the  processes  concerned 
in  the  production  of  hybrids,  I  am  convinced  that  a  careful 
study  of  these  organisms  will  do  much  to  throw  light  on  the 
obscurities  of  heredity,  and  perhaps  even  on  the  essentiaJs 
of  ordinary  fertilization.  It  seems  certain  that  the  quality 
which  we  term  heredity,  by  virtue  of  which  organisms  are 
what  they  are,  and  what  their  forbears  have  been  before  them, 
must  either  be  associated  with  definite  discrete  particles,  ids, 
which  by  a  series  of  kaleidoscopic  rearrangements  are  able 
to  form  new  combinations  after  the  manner  imagined  by 
Weismann:  or  else  that  heredity  must  depend  on  the  con- 
figuration, physical  and  molecular,  of  a  substance  taken  as 
a  zvhok,  and  its  interaction  with  the  other  constituents  of  the 
cell.  In  the  former  case,  with  each  generation  a  new  arrange- 
ment of  the  prc-existcnt  and  persistent  panicles,  each 
as.sociated  with  hereditary  qualities,  is  assumed  to  occur; 
in  the  latter  case  a  new  substance  must  be  formed,  which,  by 
virtue  of  its  constitution  as  a  whole,  governs  and  determines 
the  mode  of  development  of  the  organism.  The  id-theory 
seems  irreconcilable  with  what  we  now  know  of  the  details  of 
fertilization  in  plants,  and  at  least  in  some  animals.  In  these, 
what  direct  evidence  we  have,  tells  against  the  preliminary 
elimination  of  unlike  hereditary  units  from  the  sexual  cells 
during  their  course  of  development,  and  clearly  indicates 
rather  an  equivalent  distribution  of  substance.  But  if  this  is 
really  true,  even  in  a  few  cases,  the  objective  basis  of  the 
id-theory  is  clearly  destroyed  ;  for  the  elimination  of  half 
the  parental  ids  from  each  gamete  previous  to  their  union, 
forms  an  essential  part  of  the  theoretical  structure  built  up 
and  maintained  by  Weismann  and  his  followers.  The  case 
of  hybrids  has  been  used  by  the  exponents  of  the  id-theory 
to  strengthen  their  case,  and  preponderating  multiplication 
of  paternal  or  maternal  ids — the  result  of  an  imaginary 
struggle  between  purely  hypothetical  combatants — is  sup- 
posed to  finally  account  for  the  resemblance  of  this  or  that 
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cell  to  one  or  other  parent ;  but  the  phenomena  seem  to  be 
mure  readily  susceptible  of  explanation  if  we  assume  that  the 
hercditar>'  substance  acts  as  a  u-h4>U,  and  by  virtue  of  its  own 
|>arttcular  com|>osition.  The  hereditary  substance  derived 
from  two  parents  mi^^ht  c(}ually  well  form  a  relati\xly  stable 
or  an  unstable  combination  whether  this  depended  on  the 
nature  of  the  molecular  structure  of  the  substance  in  question 
or  on  still  more  complex  arrangement  of  molecular  af^gre- 
gates.  In  any  case,  operating,  as  it  must,  on  and  through  the 
rest  of  the  cell -contents,  the  results  of  its  activity  will  be 
profoundly  miKlified  by  the  nature  of  the  latter,  and  also, 
though  less  immediately  perhaps,  by  such  external  agencies 
as  in  turn  may  aflfcct  them.  And  thus  I  think  we  may  in 
a  mea*»ure  see  how  a  plant  can  become  materially  altered 
in  its  form  so  as  to  s\x\\  dtfTerent  environments,  without  having 
to  postulate  the  existence  of  a  reserve  store  of  emergency 
t<ls  in  order  to  explain  the  often  extraordinary  manifestation 
of  adaptive  variations  which  may  arise  within  the  limits  of 
a  single  h|)ecies  or  even  of  a  single  individual.  In  this  con* 
nexion  I  might  cite,  for  example,  the  variation  €>f  the  leaf- 
form  '  met  with  in  amphibious  plants.  We  know  of  many 
caMT^  in  whiih  a  plant  \%ill  develop  in  a  |arttcular  way  as 
the  result  of  stimuli  which  we  can  hardly  regard  as  other 
than  physical  or  chemical,  certainty  not  as  the  result  of  the 
direct  action  of  here\litary  ids.  Thus  |H>lltnation  i^  a  neccsvary 
antecetlent  to  ovuie-ftirmation  in  many  fk>wer!i.  Hut  if  it  be 
urgetl  that  the  id»  are  there,  And  only  ncol  the  stimulus  to 
excite  them  to  activity,  this  explanation  can  scarcely  be 
veriou^ly  urged  to  meet  the  ca>c  of  galN,  each  form  <>f  which 
i^  |»e\uliar  tt>  and  characteristic  of  4  ft|Mital  |MraMtc  reacting 
(»fi  a  H|MritaI  plant  Again,  in  the  St.  Valery  apple,  diflfercnt 
form^  of  trutt  are  priMlucrd  on  the  %ame  tree  a«  the  result 
of  p 'llination  troin  different  ^oun  rs  ol  applev  Here  thrie 
( an  Ik*  n<>  ()uc  lUion  as  to  the  travelling  init  •»(  the  id^  from  the 
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new  generation  into  the  sporophyte  of  the  old,  whereby  j 
a  particular  new  form  of  fruit  is  stimulated  to  grow.  Xor 
can  we  assume  that  the  tree  had  stores  of  ids  requisite  to 
produce  this  or  that  form  of  fruit.  If  we  say  that  the 
pollination  stimulated  the  formation  of  new  arrangements  of 
ids,  we  arc  going  far  beyond  analc^ies  based  on  knowledge, 
which  would  rather  suggest  chemical  interaction,  and  are  simply 
abandoning  ourselves  to  flights  of  pure  fancy. 

And  to  return  to  the  Fern,  I  confess  I  find  it  almost 
impossible  to  imagine  a  machinery  complex  enough  to 
account  for  the  reversions  it  exhibits  on  the  assumption  of 
separate  ids,  whilst  it  does  not,  to  me  at  least,  seem  so  unin- 
telligible on  the  alternative  view.  Instances  might  easily  be 
multiplied.  Thus  Hildebrand '  found,  in  a  cross  between 
Oxalis  laiifolia  and  O.  htraphylla,  that  the  characteristically 
distinct  hairs  of  each  species  might  both  arise  from  a  single 
epidermal  cell  of  the  offspring.  Are  we  in  this  case  to 
imagine  that  the  ids  and  determinants  of  the  corresponding 
cells  in  both  parents  were  all  actively  present  in  the  nucleus 
of  this  epidermal  cell  ?  And  if  we  answer  in  the  affirmative, 
how  shall  we  explain  the  further  case  that  amongst  the 
offspring  obtained  by  crossing  0.  lasiandra  with  0.  Andreuxii, 
some  of  the  hybrids  possessed  flowers  readily  distinguishable 
from  those  of  either  parent,  not  only  on  account  of  their 
larger  size,  but  also  in  their  totally  different  colour?  What, 
we  may  ask,  has  become  of  the  action  of  the  individual  ids 
here  ?  The  frequently  observed  sterility  of  hybrids,  as  well 
as  the  failure  of  numerou.s  likely  crosses  to  set  seed,  may 
be  due,  quite  as  well  as  to  an  unsuitable  consorting  of 
ids,  to  the  imperfect  combination  or  union  of  the  parental 
substances,  a  defect  the  results  of  which  (whatever  its  true 
nature  may  be)  are  apparent  in  all  degrees  and  gradations 
varying  from  positive  and  absolute  sterility  on  the  one  hand 
and  only  stopping  short  of  actual  fertility  on  the  other. 

These  are  only  tentative  suggestions,  for  in  the  present 

■  F.  Hildebrand,  Ueber  einige  Pdjumnbwtiutlierunxea ;  Jeo.  Zducbr.,  Bd.  33, 
1S89. 
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condition  of  our  knowledge  we  can  only  grope  about  after 
a  clue  to  the  solution  of  the  problems  before  us — a  clue 
which  recent  cytological  work  seems  to  have  shown  us  to 
be  less  accessible  than  we  had  previously  hoped.  But  I  do 
not  believe  they  are  really  unsoluble  ;  they  demand,  however, 
experimental  treatment  on  the  part  of  botanists  such  as  they 
have  already  begun  to  receive  at  the  hands  of  comparative 
physiologists,  and  it  behoves  cytologists  not  to  neglect  such 
means  of  assistance  as  a  careful  study  of  the  structure  and 
origin  of  hybrids,  in  the  garden  as  well  as  in  the  laboratory, 
is  able  to  provide. 


EXPLANATION   OF   FIGURES  IN   PLATES 

XXIII  AND  XXIV. 

lUustratin^r  Professor  Farmer's  paper  on  the  Structare  of  a  Hybrid  Fern. 

[Figs.  1-13,  camera  lacida  drawings,  Zeiss  A  x  3  oc  (the  figures  1-9  reduced  to 
^).     Figs.  14-191  photographs,  \  natural  size.] 

Figs.  i»  a,  3.   Sections  of  the  petiole  of  Polypodium  aurtum. 

Fig.  I.  Transverse  section  through  the  base  of  the  petiole,  showing  peripheral 
band  of  sclcrcnchyma,  scl,^  and  the  steles,  two  large  and  Bve  small  ones,  t,  endo- 
dermis ;  P.  pericycle ;  ph.  phloem  ;  xy.  xylem. 

Fig.  a.  Section  a  little  below  the  middle  of  the  petiole.  Shows  anastomosis 
between  the  smaller  steles. 

Fig.  3.  Section  a  little  below  the  region  of  the  lamina  of  the  leaf. 

Fig.  4.  Section  through  the  base  of  the  petiole  of  Polypodium  vulgaris  var. 
tlegantissimum . 

Fig.  5.  Section  taken  through  the  same  petiole  at  J  the  distance  between  the 
base  and  the  insertion  of  the  lowest  pinna. 

Figs.  6,  7,  8.  Sections  through  the  petiole  oi  Polypodium  Schneidori^  taken  from 
regions  corresponding  with  those  of  P,  aureum  in  Figs.  1-3. 

Fig.  9.  Epidermis  from  the  lower  surface  of  the  leaf  of  Polypodium  aureum. 

Fig.  10.  Epidermis  from  the  lower  surface  of  the  leaf  of  P,  vulgare,  var. 
elegantissimnm. 

Fig.  II.   Epidermis  from  the  lower  surface  of  the  leaf  of  P.  Schneideri, 

Fig.  I  a.  Sporangium  (showing  barren  contents)  from  dissected  frond  of 
P.  Schntideri, 
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With  Plate  XXV, 

THE  antheridia  of  Dictyota  dichototna  (Huds.)  Lamour, 
were  first  described  by  Thuret  ^  The  paper  is  accom- 
panied by  excellent  figures  of  the  antheridia  in  various  stages 
of  development.  With  regard  to  the  antherozoids  he  states 
that  when  they  are  liberated  *  they  spread  out  in  the  water 
in  the  form  of  hyaline  globules  like  the  spermatia  which 
escape  from  the  antheridia  in  the  Florideae  and  they  seem, 
like  them,  non-motile.'  Crouan^  professed  to  have  seen 
motile  gametes  (called  by  him  sporidia)  in  Halyseris polypo- 
dioideSy  Ag.,  but  his  description  evidently  applies  to  the 
oosphcres  and  not  to  antherozoids.  Thuret  also  expressed 
disbelief  in  the  truth  of  his  statement.  Reinke'  has  given 
detailed  descriptions  of  the  genera  Dictyota,  Padina,  Taenia 
and  Zonaria,     He  confirms  the  statement  of  Thuret  with 

^  Ann.  d.  Sci.  Nat.,  4*  ser.  Bot.,  t.  Ill,  1855. 

'  BuU.  de  la  Soc.  Bot.  de  France  (1855),  t.  II,  p.  444. 

'  Nova  AcU  Lcop.-Carol.,  Bd.  XL,  1878. 

[Annals  of  Botany,  Vol.  XI.  No.  ZLIV.  DscembM*,  iSo?.] 
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r^ard  to  the  form  and  non-motility  of  the  spermatia,  and  his 
figures  are  almost  identical  with  those  of  the  earlier  botanist. 
In  1889,  Johnson ',  on  the  strength  of  observations  made  on 
Halyseris,  expressed  his  belief  that  the  so-called  spermatia 
were  motile  anlherozoids.  His  reasons  are  thus  stated; 
'On  one  occasion,  between  ten  and  eleven  in  the  evening, 
I  was  examining  the  antheridia  microscopically  when  I  saw 
one  from  which  the  male  corpuscles  were  escaping  and 
exhibiting  movements  of  such  a  nature  as  to  give  me  the 
impression  that  they  were  ciliated.  Subsequent  examination, 
again  and  again  repeated  in  different  ways  (and  with  r",  mm. 
immersion  objective),  of  preserved  material  has  strengthened 
my  conviction  that  the  male  corpuscles  of  Diciyopteris  are 
not  pollinoids  like  those  of  the  Florideac,  but  antherozoids, 
essentially  like  those  of  Cutleriaccae  and  Fucaceae.  Fig.  10. 
PI.  V.  representing  a  developing  antherozoid  oi  Fucus  vesieu- 
losus  in  Guignard's  paper',  is  very  like  stages  I  have  seen 
in  the  developing  male  corpuscles  of  Dictyopteris.  Still 
I  must  ask  to  be  permitted  to  reserve  a  final  expression 
of  opinion  on  the  presence  of  cilia  until  I  have  made  a  detailed 
examination  of  fresh  material.'  This  observation  has  not 
been  confirmed  either  by  Johnson  himself  or  by  any  other 
algologist,  so  that  in  all  the  text-books,  the  possession  of 
non-motile  spermatia  is  still  regarded  as  one  of  the  distin- 
guishing characters  of  the  Dictyotaceae. 

My  attention  became  directed  to  the  Dictyotaceae  during 
the  progress  of  a  joint  investigation'  into  the  details  of 
fertilization  in  the  Fucaceae.  It  was  found  desirable  to  test 
the  correctness  of  Thuret's  view,  that  parthenogenesis  obtained 
in  the  group.  If  this  view  were  proved  incorrect,  then  the 
further  question  arose  whether  fertilization  took  place  as  in 
the  Fucaceae,  outside  the  parent  plants,  or  before  the  liberation 
of  the  oospheres,  as  suggested  by  Reinke  *. 

On  Sept,  8,  1H96,  early  in  the  morning,  I  placed  in  several 
watch-glasses  and  capsules  of  sea-water  pieces  of  antheridial 

'  Linn-Soc.  Jour.  XXVII,  1891.  '  Rev.  gen.  de  Ilot,,  I,  18P9. 

^  Proc.  Rojf.  Soc.,  Vol.  60,  p  18S.  •  Loc.  di. 
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plants  of  Dictyota,  On  examining  the  vessels  after  a  short 
interval,  to  my  astonishment,  they  were  all  full  of  actively 
moving  antherozoids.  I  watched  them  as  long  as  they  re- 
mained active,  but  found  that  they  came  to  rest  much  sooner 
than  antherozoids  of  Fucus  would  have  done. 

Unfortunately  I  was  unable  to  resume  my  observations  till 
Sept.  16.  By  that  time  the  high  spring  tides  were  over  and 
the'  plants  had  to  be  dredged  up.  When  examined,  the 
plants  were  found  to  have  liberated  all  their  mature  sexual 
elements,  but  there  was  a  large  number  of  young  stages. 
More  plants  were  obtained  on  the  17th,  i8th  and  the  aist. 
It  could  be  easily  seen  that  the  antheridia  and  oogonia  were 
getting  more  and  more  mature,  but  I  had  to  leave  the  seaside 
without  getting  plants  that  were  ready  for  the  liberation  of 
either  male  or  female  elements.  Under  the  circumstances 
it  was  thought  better  to  wait  for  another  season  so  as  to 
obtain  full  confirmation  before  publishing  the  observation. 

During  the  present  summer  several  attempts  were  made  to 
secure  plants  with  mature  antheridia,  but  without  success  until 
Aug.  21.  Male  plants  collected  the  previous  afternoon,  and 
kept  in  the  dark  all  night,  were  in  the  morning  placed  in  sea- 
water.  There  was  an  immediate  liberation  of  antherozoids 
which  were  quite  as  active  as  those  of  Fucus,  In  general 
appearance  they  seemed  at  iirst  sight  strikingly  similar  to 
the  latter,  but  a  closer  examination  showed  that,  both  in  the 
form  of  the  head  and  in  mode  of  locomotion,  there  were 
minute  differences  which  served  to  distinguish  them  from  the 
latter;  and  after  fixation  and  staining,  still  other  and  more 
remarkable  differences  became  perceptible. 

Fragments  of  tetrasporous  and  oogonial  plants  were  also 
subjected  to  the  same  treatment,  but  at  no  time  could  swarming 
organisms  be  seen  in  the  water  in  which  they  had  been  placed. 
Here  it  might  also  be  added  that,  in  the  later  observations 
made  on  antheridial  plants,  these  actively  moving  bodies 
were  never  obtained  except  from  such  as  had  mature  antheridia, 
and  not  even  then,  unless  treated  in  some  such  manner  as 
above  described.     Any  doubts,  however,  which  might  have 
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arisen,  as  to  the  swarming  oi^anisms  being  the  anthcrozoids 
of  Dictyota,  were  set  at  rest  by  the  direct  observation  of  the 
contents  of  the  anthendia  starting  into  activity  and  swimming 
away.  This  could  easily  be  seen  by  focussing  the  microscope 
on  the  surface  of  a  sorus. 

The  following  is  a  summary  of  the  principal  points  observed 
in  connexion  with  the  anthcrozoids. 

If  mature  antheridiai  son  are  examined,  the  surface  is  seen 
to  be  white  and  glistening.  Each  antheridium  is  divided 
into  a  large  number  of  small  cells,  the  contents  of  each  cell 
forming  a  single  antherozoid.  These  at  first  seem  to  present 
no  differentiation  of  structure,  but  a  closer  examination 
shows  the  presence  of  a  small  round  globule  in  each  of  the 
cells,  situate  either  at  the  centre  or  near  the  periphery. 
After  fixing  and  staining  the  anthendia,  this  spherical  body 
is  not  always  evident.  The  greater  part  of  the  circumference 
of  the  antherozoid  stains  deeply,  showing  the  presence  of 
denser  protoplasm  irregularly  disposed  in  roundish  or  elon- 
gated masses  which  occasionally  cross  the  .surface  of  the  cell. 
The  cause  of  this  appearance  will  be  discussed  later  on. 
With  regard  to  the  spherical  bodies  above  mentioned,  it  may 
be  further  added  that  in  some  cases  a  very  faint  tinge  of 
yellow  is  observable  in  them.  This  suggests  the  possibility 
of  their  representing  the  '  chromatic  spot '  characteristic  of 
the  anthcrozoids  of  the  Fucaceae.  Though  smaller  and  very 
much  less  obvious  than  the  latter,  they  are  quite  easily 
recognizable  in  the  antheridia  of  Dictyota,  Taonia,  and 
Halyseris.  In  motile  anthcrozoids  they  very  often  seem 
to  project  beyond  the  periphery  of  the  head,  as  also  do  the 
eye-spots  in  the  antherozoids  of  Fucus.  The  study  of  fixed 
material,  however,  makes  it  rather  doubtful  that  these  granules 
represent '  eye-spots.'  In  the  first  place  they  are  not  invariably 
present,  and  even  where  they  occur,  their  position  has  no 
definite  relation  to  the  points  of  insertion  of  the  cilia.  My 
opportunities  for  collecting  during  the  past  summer  have  not 
been  many.  It  has  also  been  difficult  to  secure  all  the  con- 
ditions necessary  for  the  exhibition  of  motility  in  the  anthero- 
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zoiiiA,  the  weather  in  fiarticutar  havinf;  been  stxy  unfavcuirable 
on  account  of  its  dulness  and  colcine^t.  Kvcn  when  the 
anthero/oiils  were  active,  the  shortness  of  their  period  of 
motility  rendered  it  difficult  to  make  a  study  of  their 
structure. 

When  the  anthcridia  are  mature,  the  walls  dissolve  and 
liberate  the  antherozoids.  If  the  li(;ht  is  not  bright  enough, 
or  the  tem|>eniture  is  too  low,  or  the  plant  is  not  sufficiently 
vigorous,  they  |>assivcly  float  away  and  get  distributed  through 
the  liquid  without  showing  any  sign^  of  motility.  This  haH 
been  described  by  Thurct,  Reinke,  and  other  observers.  If, 
however,  the  plants  be  kept  over-night  in  damp  air  in  a 
darkened  chamber,  and  then  pbced  in  sea-water,  there  is  no 
diflliculty  in  getting  the  male  corpusculcs  to  Awarm.  provided 
it  is  sufficiently  bright  and  not  tiK)  cold.  This  is  interesting  in 
view  of  the  attempts  of  Savaugcau^  to  re{)eat  the  observations 
of  lierthold  on  the  conjugation  of  planogametes  in  Ectocarfms 
siluulosus,  lie  found  that  this  phenomenon  was  only  obser\'- 
able  early  in  the  morning,  and  not  c\'en  then  if  the  sky  were 
dull  and  cloudv. 

While  actively  moving,  the  bixly  of  the  antherozoid  is  seen 
to  be  s«)mcwhat  similar  to  that  of  Htmanthalia  or  of  Cystoseira. 
It  h;is  not  the  sharply  |M>inted  end  m)  characteristic  of  l-uiHS^ 
and  {articulaily  of  anthero/oid^  of  /WI:rt9a\  after  fixation 
it  beconu*^  in-rfrctly  Nph<*rical.  but  during  active  mo\*ement 
it  is  Mf-n  to  be  si>mrHhat  clongatctl,  with  one  end  frcrpiently 
narrower  but  <|uitc  blunt.  The  movement  itself,  though  at 
first  «ight  similar  to  that  of  anthero/oids  in  Fucaceae.  has 
|ieculiarttics  of  its  own.  which,  after  a  careful  examination 
of  %tainrd  materul.  we  can  racily  correlate  with  the  character 
oi  thr  (  ilu. 

In  most  ol  the  cx|irnincnts.  tlie  motility  of  the  antheru/4>ids 
iontinu<tl  for  only  a  short  time,  about  ten  minutes  being 
the  a\rf4ge  duration  In  i»ther  casen  h«»we%'er.  tome  have 
(ontinurd  in  motion  for  as  long  as  fi>rty  minutes 
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On  one  occasicoi  I  -ksb  examining  antheridiai  plants  about 
3  pjo.  The  libcratioa  of  antherozoids  was  so  great  that  the 
slide  was  co^'cred  with  them,  but  there  was  no  sign  of  activity 
to  be  aoeai  anj-where  among  them.  The  microscope  was 
taken  to  a  window  on  which  the  5ud  \ras  shining  and  some 
of  ihc  raj-s  wf  re  caused  to  pass  through  the  slide  In  a  very 
short  time  the  antherozoids  were  swarming  like  bees  on 
a  hot  suramei's  day.  On  examining  other  parts  of  the  slide 
it  w»s  Ken  that  motility  was  strictly  confined  to  the  portion 
directly  exposed  to  sunlight.  There  the  swarming  continued 
for  a  time,  but  stopped  entirely  at  the  end  of  ten  minutes  from 
its  commcDccmcnt.  This  observation  shows  that  these  bodies 
are  highly  sensitive  to  light  and  that  they  can  only  exhibit 
active  movement  under  the  influence  of  this  stimulus. 

Want  of  opportunity  prevented  my  making  direct  obser- 
vation on  their  phototacttc  characters,  but  the  following  may 
be  of  some  intcrfst  in  this  connexion.  One  evening  I  was 
examining  a  half-empty  sonis-  The  light  used  was  that  of 
a  small  oil-lamp.  In  the  cavity  of  the  sorus  a  few  antherozoids 
were  floating  and  showing  a  scarcely  perceptible  motion. 
I  observed  that  all  were  slowly  sinking  in  the  cavity,  at 
the  same  time  changing  their  places  relatively  to  each  other. 
The  light  was  turned  off  for  a  short  time  and  then  it  was 
found  that  they  had  re-ascended.  This  experiment  was  several 
times  repeated  with  the  same  result,  showing  that  in  this 
particular  instance,  where  the  light  was  not  very  strong 
and  the  antherozoids  not  vigorous,  the  phototaxis  was 
positive. 

Several  lots  of  antherozoids  were  fixed,  the  best  results 
having  been  obtained  with  dilute  Flemming's  solution.  All 
were  stained  with  Hoffmann's  blue,  either  in  dilute  glycerine 
or  after  drying  on  the  slide  according  to  the  bacterial  method. 
In  the  latter  preparation  the  cilia  are  particularly  well  shown. 
Contriiry  to  what  obtains  in  all  other  Phaeophyceae  hitherto 
described,  instead  of  there  being  two  cilia,  each  antherozoid 
has  a  single  very  long  flageJlum.  When  fully  extended,  as 
it  is  in  the  dried  preparation,  the  flagellum   often  extends 
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to  six  times  the  diameter  of  the  head.  It  has  to  be  borne 
in  mind  that  in  the  spermatozoids  of  Himanthalia  and 
Cystoseira,  which  as  already  stated  are  very  similar  to  those 
of  Dictyota  in  the  shape  of  the  head,  there  is  great  disparity 
in  length  between  the  two  cilia,  one  being  very  short  while 
the  other  is  correspondingly  long.  The  possibility  suggested 
itself  that  this  might  be  the  case  here,  one  being  so  much 
reduced  as  to  be  almost  invisible.  In  spite,  however,  of  the 
greatest  care  taken  in  observing,  no  trace  of  a  second  cilium 
was  seen.  The  probability  that  there  is  only  one  flagellum 
to  each  antherozoid  is  strengthened  by  the  following  facts : — 

1.  The  flagellum  in  the  great  majority  of  cases  proceeds  in 
a  radial  direction  from  the  head  (see  Fig.  2)  instead  of  being 
directed  tangentially  to  it  as  in  the  Fucaceae.  Antherozoids 
of  Himanthalia  were  fixed  and  dried  for  comparison.  In 
spite  of  the  rough  treatment  the  biciliate  character  and  the 
tangential  attachment  were  clearly  shown. 

2.  In  the  glycerine-preparations  the  flagellum  is  strikingly 
spiral  (Fig.  3) ;   this  never  occurs  in  the  Fucaceae. 

3.  As  already  stated,  the  character  of  the  movement  was 
suggestive  of  the  presence  of  a  single  flagellum. 

When  the  glycerine-preparations  are  examined  it  is  seen 
that  instead  of  consisting  of  hyaline  protoplasm,  as  described 
by  Thuret  \  the  head  of  each  antherozoid  shows  clear  and 
unmistakable  differentiation  of  structure.  The  greater  part 
of  it  appears  clear  and  transparent,  while  one  side  is  occupied 
by  a  thin  layer  of  denser  protoplasm  staining  deeply  with 
Hoffmann's  blue.  When  viewed  in  profile  this  seems  cres- 
centic  in  form,  with  the  inner  border  often  wavy  but  always 
sharply  defined.  The  comparison  of  a  number  of  antherozoids 
lying  in  different  positions  shows  that  this  denser  protoplasm 
forms  a  lining  of  approximately  circular  form  but  with  an 
irregular,  wavy,  often  indented  border.  It  may  be  compared 
to  a  watch-glass  with  an  irregular,  indented  rim  (Fig.  3).  The 
small  spherical  body  already  mentioned  is  most  often  close 
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to  the  dense  protoplasm ;  sometimes  it  lies  in  the  centre  of 
the  concavity,  either  resting  upon  the  surface  of  the  layer 
or  imbedded  in  its  substance,  and  even  occasionally  projecting 
beyond  the  general  surface  of  the  head.  In  some  cases, 
however,  it  lies  away  from  the  dense  layer  altogether. 

The  fiagellum  arises  from  about  the  centre  of  the  disk  of 
denser  protoplasm.  In  a  few  exceptional  cases  it  seems  to 
"be  attached  to  the  edge ;  but  this  is  probably  due  to  the  first 
coil  of  the  spiral  flagellum  lying  close  to  the  head  so  as  to 
be  partly  covered  by  it  (Fig.  ;i). 

Some  of  the  antherozoids  were  fixed  when  the  motion  was 
becoming  sluggish.  When  these  were  stained  it  was  found 
that  the  flagellum  in  each  case  was  more  or  less  closely  colled 
round  the  head,  Some  typical  examples  are  shown  in  Fig.  4. 
This  naturally  suggests  that  the  reason  for  the  difficulty  of 
seeing  the  flagellum  in  antherozoids  which  are  not  motile  is, 
that  it  is  closely  coiled  round  the  head.  The  same  fact  may 
account  for  the  apparently  greater  amount  of  deeply  staining 
protoplasm  in  the  contents  of  the  antheridial  cells  than  in 
the  head  of  the  swarming  antherozoid. 

The  same  phenomena  were  observed  in  male  plants  of 
Taoiiin  atotiiaria,  J.  Ag.,  collected  at  Llandudno,  but  in  this 
case  no  permanent  preparations  w;ere  made. 

I  beg  to  express  my  thanks  to  the  Council  of  the  Royal 
College  of  Science  for  allowing  me  the  use  of  a  free  table 
in  the  Botanical  Laboratory,  and  to  Professor  Farmer  for 
valuable  assistance  and  advice.  I  am  also  indebted  to 
Professor  Phillips  and  the  Council  of  the  University  College 
of  North  Wales  for  the  privilege  of  using  the  Botanical 
Laboratory  while  collecting  material  in  the  Menai  Straits. 
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EXPLANATION  OF  PLATE  XXV. 

Ulnstriting  Mr.  Williams'  paper  on  the  Antherozoids  of  Dictyota  and  Taonia, 

All  the  figures  relate  to  Dictyota  dichotomaf  Lam. 

Fig.  I .  Part  of  a  sorus  of  antheridia  in  vertical  section.  Fixed  in  Flemming*s 
mixture  and  stained  with  Hoffmann's  blue. 

Fig.  a.  Antheroeoids  fixed  as  above,  dried  on  the  slide,  then  stained  with 
Hoffmann's  blue  and  mounted  in  balsam. 

Fig.  3.  AntheroEoids  fixed  while  very  active  with  Flemming's  mixture,  stained 
in  Hoffmann's  blue  and  mounted  in  dilute  glycerine.     (Camera  iucida  drawings). 

Fig.  4.  Antherozoids  fixed  when  very  sluggish,  dried  and  stained  in  the  same 
way  as  Fig.  3. 
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The  supposed  Alcoholic  Enzyme  in  Yeast. 

BY 

J.  REYNOLDS  GREEN,  Sc.D.,  F.R.S., 

Frofetsor  of  Botany  to  the  Pharmaceutical  Society  oj  Great  Britain, 

EARLY  in  the  present  year  a  paper  was  published  by 
Dr.  E.  Buchner  (1),  in  which  he  stated  that  he  had 
succeeded  in  extracting  from  Yeast  a  liquid  possessing  the 
power  of  setting  up  the  alcoholic  fermentation  in  solution 
of  cane-sugar.  His  method  was  the  following : — One  kilo- 
gram of  Yeast  was  dried  by  pressure  until  it  formed  a  friable 
powder.  When  so  dried  it  was  mixed  with  an  equal  weight 
of  fine  quartz  sand  and  with  250  grams  of  a  fine  infusorial 
earth  (Kieselguhr),  and  the  whole  carefully  ground  in  a  mortar. 
Water  was  added  to  the  fine  powder,  now  become  pasty  owing 
to  the  breaking  up  of  the  Yeast- cells,  100  cc.  being  used  to  the 
kilogram  of  Yeast.  The  mixture  was  then  wrapped  in  a  cloth 
and  gradually  submitted  to  strong  pressure  in  a  hydraulic 
press,  the  pressure  being  worked  up  to  400-500  atmospheres 
to  the  square  inch.  The  resulting  liquid  measured  about  300  cc. 
The  cake,  when  removed  from  the  press,  was  ground  up 
again,  and  the  powder  extracted  with  a  further  100  cc.  of 
water.  This  was  again  subjected  to  the  action  of  the  press, 
and  a  further  150  cc.  of  liquid  was  obtained.  Each  kilogram 
of  Yeast  thus  furnished  about  450  cc.  of  expressed  liquid^  of 
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which  only  1 50  cc.  represented  added  water,  and  the  remaiu 
was  extracted  from  the  living  Yeast-cells. 

This  turbid  hquid  was  then  mixed  with  four  grams  of 
the  same  Kieselguhr  and  well  shaken.  On  filtering  it  through 
paper  a  clear  yellow  liquid  was  obtained,  having  an  aroma 
like  that  of  active  Yeast. 

This  liquid  was  the  material  in  which  Ruchner  claimed  that 
the  long-sought  alcohol -producing  enzyme  was  present.  It 
had  a  specific  gravity  of  1  -04 1 6  at  1 7"  C. 

In  its  properties  it  closely  resembled  solutions  of  the  other 
enzymes  already  known  to  physiologists.  It  lost  its  power 
of  inducing  fermentation  on  being  heated,  but  parted  with  it 
at  a  much  lower  temperature  than  most  enzymes,  viz  at 
45-50°  C,  its  proteids  being  coagulated  at  the  same  temper- 
ature. The  coagulum  was  very  bulky,  the  extract  being 
extremely  rich  in  proteid  matter.  The  coagulation  was 
preceded  by  the  evolution  of  carbon  dioxide. 

When  this  Yeast-extract  was  mixed  with  a  37'/^  solution 
of  cane-sugar,  a  regular  evolution  of  carbon  dioxide  com- 
menced, and  proceeded  with  an  energy  which  varied  according 
to  the  temperature  to  which  the  liquid  was  exposed  ;  it 
was  active  even  so  low  as  o''C.,  but  became  more  obvious 
at  the  temperature  of  the  laboratory,  and  still  more  energetic 
at  40°  C.  The  extract  was  found  to  work  upon  the  same 
sugars  as  the  Yeast  itself,  and  to  refuse  to  attack  those  on 
which  the  cells  had  no  action. 

The  activity  noticed  was  not  interfered  with  by  chloroform 
or  other  antiseptics,  nor  was  it  abolished  by  filtering  the 
extract  under  pressure  through  a  porcelain  filter.  There  was 
thus  a  strong  presumption  at  least  that  no  living  Yeast-cclls 
were  present  in  the  extract,  and  that  whatever  happened  was 
due  to  something  extracted  from  the  cells  by  the  enormous 
pressure  employed  in  the  process. 

In  a  subsequent  paper  (2)  Buchner  admits  that  this  active 
principle  is  not  contained  in  all  Yeasts,  the  so-called  'German 
Yeast'  being  free  from  it.  He  further  states  that  the  active 
liquid  can  only  be  preserved  for  a  single  day  at  the  ordinary 
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temperature  of  the  laboratory  or  for  two  days  at  o"*  C.  The 
inactive  liquid  which  g^ave  a  bulky  coagulum  at  45**-5o°C. 
when  gradually  heated,  while  in  possession  of  its  powers, 
seems  to  lose  the  power  of  forming  the  coagulum  as  its 
fermentative  property  disappears.  Buchner  suggests  that  the 
supposed  enzyme  is  proteid  in  character,  and  is  digested 
rapidly  in  the  liquid,  with  the  other  proteids  it  contains,  under 
the  influence  of  peptic  enzymes  extracted  from  the  cells. 

Buchner  says  further  that  if  the  Yeast  be  very  carefully 
dried,  it  can  be  heated  for  six  hours  to  a  temperature  of  100°  C. 
without  destroying  the  power  of  the  Yeast  to  induce  fer- 
mentation. This  temperature  is  sufficient  to  kill  the  cells, 
but,  according  to  the  author,  is  not  high  enough  to  destroy 
the  enzyme  they  contain.  Hence  a  fermentation  can  be 
obtained  similar  to  that  set  up  by  his  Yeast-extract. 

The  appearance  of  these  researches  excited  a  good  deal 
of  interest,  especially  among  physiologists  and  chemists,  the 
more  so  as  the  Yeast-plant  has  always  been  the  chief 
support  of  the  vitalistic  theory  of  fermentation  put  forward 
by  Pasteur.  It  is  only  natural  that  researches  have  been 
undertaken  by  many  workers  with  the  view  of  confirming 
or  disproving  Buchner's  statements.  I  have  for  several 
months  been  at  work  upon  the  subject,  and  have  embodied 
my  experiences  in  the  present  paper. 

On  reading  Buchner^s  account  of  his  experiments  it  appears 
that  he  lays  great  stress  on  the  evolution  of  carbon  dioxide 
from  the  mixtures  of  his  extract  with  the  various  solutions 
of  sugar  which  he  used.  To  him  such  an  evolution  of  gas 
was  evidence  of  fermentation,  and  his  deduction  was  that 
an  enzyme  was  at  work  in  his  liquids.  There  are,  however, 
two  other  points  to  which  attention  may  fairly  be  called  in 
conducting  the  experiments.  The  sugar-solution  should 
gradually  become  of  a  less  specific  gravity  as  the  fermenta- 
tion proceeds;  conditions  being  constant,  this  diminution  of 
specific  gravity  should  be  regular  as  well  as  progressive. 
Also  there  should  be  a  gradual  and  continuous  formation 
of  alcohol  in  the   liquid  as  the   fermentation   proceeds.     If 
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*  tne  famesCatioB  »  3:1  np^  aot  mi/f  dioald  tiwse  three 
phmnmeaa  be  rapafalr  of  ^gpatatr  dcmmwtiatioa,  but  there 
AowM  be  s  defiiotg  ^jnnticstne  iriatioa  becirecn  tbem. 

I  have  cifiied  out  sevetai  aeries  of  cxperiiQcnts  with  different 
YeasK^  ning  in  the  fixst  place  the  ov^iar>-  h^h  fermentation 
Yea9C  Bed  by  our  local  brewcis  at  Cambridge.  I  have 
made  one  series  oa  s  sample  of  low  fermentation  Vcast 
hnxlly-  uppfied  idc  by  my  friend  Mr.  Armstroi^,  of  the 
Tottenham  Lager  Brewer>-.  London. 

I  followed  Bodincr's  method  of  preparation  of  the  extract 
as  closdy  as  I  cookL  In  the  process  of  grinding  up  the 
Yeast-ccIU  whh  Kkselguhr  and  fine  sand.  I  examined  eac^ 
instalment  m  the  mortar  with  a  {-inch  objective,  and  kept 
on  the  griodiog  tiU  about  75  to  80°/,  of  the  Yeast-cells 
were  ruptured.  My  extracts  differed  from  his  in  quanttt>', 
never  measurii^  so  much  as  his  figures  led  me  to  expect. 
In  physical  peculiarities  there  was  a  very  close  correspondence 
between  us,  my  preparations  coagulating  at  the  stated 
temperature,  and  possessing  the  proper  colour  and  smell. 

On  mixing  the  extract  and  the  sterilized  sugar-solution,  the 
latter  being  sometimes  solution  of  cane  or  grape  sugar,  and 
sometimes  a  wort  obtained  from  the  brewery.  I  have  always 
failed  to  observe  the  copious  evolution  of  gas  which  Buchner 
speaks  of.  1  carritd  out  the  experiments  in  freshly  sterilized 
Khrlcnmeyer  flasks  fitted  with  a  mercury- manometer.  Instead 
of  a  rise  of  the  mercury  in  the  distal  limb,  soon  after  the 
experiment  was  started  there  was  almost  uniformly  a  rise  in 
the  proximal  limb,  indicating  an  absorption  and  not  an  evolu- 
tion of  gas.  In  no  case  did  1  ever  get  a  measurable  rise 
of  the  mercury  in  the  distal  limb  of  the  manometer  unless  the 
liquid  contained  some  Yeast-cells  that  had  been  imported  into 
the  fla.sk.  This  happened  occasionally,  even  filtration  through 
porcelain  and  the  addition  of  chloroform  sometimes  failing  to 
prevent  it. 

Not  being  able  to  get  the  copious  evolution  of  COj,  I  turned 
my  attention  to  the  specific  gravity  of  the  fermenting  solution. 
It  seemed  possible  that  a  small  quantity  of  sugar  might  be 


r> 


Alcoholic  Enzyme  in   Yeast,  559 

undergoing  decomposition,  but  that  the  mercury-manometer 
was  not  sufficiently  delicate  to  give  evidence  of  it. 

In  the  bulk  of  my  experiments  I  relied  on  the  plan  of 
taking  the  weight  of  a  specific-gravity-bottle  full  of  the 
fermenting  liquor  at  the  same  temperature  at  approximately 
regfular  intervals.  The  same  course  of  action  could  generally 
be  observed,  and  1  will  therefore  only  quote  two  typical 
observations. 

The  first  of  these  extended  over  a  period  of  about  ten  days, 
the  fermenting  liquid  being  a  solution  of  cane-sugar  (40°/,) 
mixed  with  an  equal  volume  of  the  Yeast-extract.  This 
was  filtered  twice  through  porcelain  before  being  experi- 
mented with,  and  the  flask  was  allowed  to  stand  in  an 
incubator  at  33**  C.  The  weighings  were  taken  in  a  sp.-gr.- 
bottle  of  25  cc.  capacity.  The  successive  weights  are  given 
in  the  following  table : — 


Date. 
Mays 

Time  of 
dny. 

13  noon 

Hours  of 
fermentation. 

,.    6 

II  a.m. 

23 

>*    7 

»  10 

5  p.m. 

5  P-nJ. 
II  a.m. 

30 
4a 

M     " 

II  a.m. 

H 

M     " 

5  P-m- 

30 

»  n 

5  p.m. 

7a 

Weight 

ingms. 

IXMS. 

Lofts  per  hour. 

407445 



— 

40-7385 

.006 

.00036 

40-732 

0065 

•0003 1 

40-726 

•006 

.00035 

40.7^3 

•003 

.000075 

40-733 

<30\ 

•000041 

407 « 5 

K)07 

.00033 

40.703 

•013 

.00018 

During  the  flrst  three  days  the  course  of  action  resembled 
that  of  a  weak  enzyme,  and  appeared  to  confirm  Buchner's 
views.  After  six  days  the  activity  had  fallen  to  one-sixth 
the  original  amount,  which  again  would  not  be  surprising. 
During  the  next  few  days,  however,  it  went  up  again  to  the 
original  amount,  which  was  quite  contrary  to  one's  experience 
of  the  action  of  enzymes. 

In  the  second  experiment  I  wish  to  quote,  the  extract  was 
mixed  with  its  own  volume  of  40%  solution  of  glucose  and 
digested  in  an  incubator  as  before.  The  25  cc.  weighed 
40-0915  gms.,  and  after  thirty  hours'  digestion  it  fell  to 
40«0905,  showing  a  loss  of  '0003  gm.  per  hour.  After  this 
time  it  gained  in  weight,  and  the  mercury  in  the  proximal 
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limb  of  the  manometer  rose  slightly,  pointing  to  an  absorption 
of  some  constituent  of  th«  air  in  the  flask. 

Dr.  Blackmail  was  kind  enough  to  measure  for  me,  by 
means  of  his  very  delicate  apparatus  (described  by  him  in  the 
Phil.  Trans.  (3)),  the  amount  of  CO^  that  was  being  evolved 
by  the  fermenting  liquid  per  hour  in  both  of  these  experi- 
ments- The  quantity  varied  very  slightly  from  time  to  time, 
did  not  show  a  diminution  pari  passu  with  the  diminution 
of  the  weight  of  the  sugar-solution,  and  did  not  amount  to 
more  than  -oi  cc.  per  hour,  which  is  not  more  than  one-tenth 
of  the  qunntily  which  would  have  been  produced  had  the  loss  of 
weight  of  the  sugar-solution  been  caused  by  the  splitting 
of  a  corresiionding  amount  of  sugar  into  CO^  and  alcohol. 

At  the  cod  of  thcc.\pcriment  I  examined  the  digestions  for 
alcohol  in  the  usuaI  way,  by  neutralizing,  distilling  off  two- 
thirds  of  Ihc  liquid,  adding  distilled  water  to  make  up  the 
original  bulk,  and  taking;  [he  specific  gravity.  After  the  ten 
days  of  the  fint  experiment  quoted,  the  liquid  contained 
•a"/,  of  alcohol. 

1  may  quote  further  a  series  of  experiments  I  made  to 
ascertain  if  alcohol  was  produced  during  the  fermentations, 
and  whether,  if  so,  the  quantity  increased  in  any  proportion 
to  the  duration  of  the  digestion. 

I  mixed  50  cc.  of  a  freshly  prepared  Yeast-extract  with 
100  cc.  of  a  40';'^  solution  of  glucose,  and  divided  it  into 
five  equal  parts.  A,  B,  C.  D,  and  E.  which  were  set  in  an 
incubator  at  2^'  C-  in  flasks  fitted  with  gauges  or  mano- 
meters. Prior  to  starting  the  digestion  A  was  boiled  to  serve 
as  a  control.  It  gave  the  usual  bulky  coagulum  at  45°  to 
50"  C.  The  experiments  were  started  on  May  a8,  and  the 
weight  of  a  spcdfic-gravity-bottlc  filled  with  the  liquid  was 
^7'.1,i°  S'"s.  One  flask,  C,  was  examined  at  intervals  of 
twenty-four  hours^  and  the  weights  obtained  were  the 
following ; — 

May  31,  a7-338Ems. 

June    1,  a?'340     - 

.,      ».a7'338     .. 
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The  contents  of  this  flask  were  then  examined  for  alcohol, 
and  found  to  contain  •2°/,. 

B  was  allowed  to  digest  for  three  days  longer.  It  then 
contained  the  same  proportion  of  alcohol.  When  boiled  it 
gave  hardly  any  coagulum,  the  proteids  being  apparently 
digested,  as  Buchner  says  they  were  in  his  experiments. 

E  was  examined  after  four  more  days.  It  contained  almost 
exactly  the  same  percentage  of  alcohol. 

Two  days  later,  the  control  flask  A  was  similarly  examined, 
and  found  to  contain  the  same  amount  of  spirit. 

There  had  thus  been  during  the  whole  time  no  additional 
amount  of  alcohol  formed. 

From  a  consideration  of  the  whole  series  of  my  experiments 
I  can  sec  no  satisfactory  evidence  in  favour  of  the  existence 
of  Buchner  s  enzyme,  at  any  rate  in  the  Yeasts  in  use  in 
English  brewing.  The  diminution  in  specific  gravity  in  the 
digesting  fluid  in  the  quoted  series  of  experiments  appeared  to 
me  at  first  to  point  in  that  direction  but  had  the  enzyme 
been  present  T  think  I  should  have  found  this  diminution  more 
regular,  and  I  should  have  found  at  least  ten  times  the  CO3 
evolved.  The  amount  of  alcohol  formed  would  also  have 
corresponded  to  the  weight  of  sugar  lost.  The  extraction 
of  the  Yeast  has  in  all  my  experiments  led  to  the  presence  of 
a  measurable  quantity  of  alcohol  in  the  digestions  at  the  outset. 
The  Yeast-extract  which  I  obtained  from  the  Tottenham 
Yeast  contained  -4%  of  spirit.  In  no  case  did  I  find  evidence 
that  this  initial  amount  of  alcohol  was  increased. 

My  own  results  receive  confirmation  from  some  researches 
published  quite  recently  by  Will  (4),  and  by  Lindner  (5),  Del- 
bruck,  and  others,  who  have  also  failed  to  extract  the  enzyme 
by  the  method  detailed  by  Buchner. 

I  do  not  think  that  Buchner*s  statement  that  the  activity 
of  the  enzyme  is  correlated  with  the  presence  of  coagulable 
proteid  in  the  Yeast-extract  is  correct.  Certainly  I  found 
many  extracts  containing  quite  a  considerable  amount  of 
coagulable  proteid  to  be  entirely  without  enzyme-action  when 
digested  with  saccharine  solutions. 
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\  made  some  experiments  to  ascertain  whether  I  could 
confirm  Buchner's  statement  that  the  Yeast-cells  will,  when 
dry,  retain  their  activity  after  being  heated  for  several  hours 
to  100°  C.  I  carefully  dried  the  Yeast  by  exposure  to  air, 
after  pressing  out  the  Yeast-liquor  in  a  screw-press.  When 
quite  mealy  to  the  fingers,  I  placed  a  quantity  in  a  beaker 
in  vacuo  over  strong  siJphuric  acid,  and  kept*  it  there  three 
days.  1  then  treated  half  of  it  to  100' C.  for  six  hours, 
according  to  Buchner's  directions.  On  digesting  the  two 
quantities  with  beer-wort  at  23°  C,  there  was  a  copious 
fermentation  at  once  set  up  by  the  unheated  sample,  but  the 
heated  one  had  lost  all  power  of  inducing  it. 

For  the  present,  therefore,  1  must  contend,  in  opposition  to 
Buchner,  that  at  any  rate  our  English  Yeasts  do  not  contain 
any  alcohol-producing  enzyme. 
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S.  H.  VINES. 


THE  first  indication  of  the  possession  by  the  liquid 
secreted  by  the  pitchers  of  Nepenthes  of  the  power 
of  digesting  proteids  was  afforded  by  the  observations  of 
Sir  Joseph  Hooker  ^,  who  found  that  *  after  twenty-four  hours* 
immersion  the  edges  of  cubes  of  white  of  egg  are  eaten 
away  and  the  surfaces  gelatinized  ;  fragments  of  meat  are 
rapidly  reduced ;  and  pieces  of  fibrin  weighing  several  grains 
dissolve  and  totally  disappear  in  two  or  three  days/  He 
does  not,  however,  go  so  far  as  to  refer  the  digestive  action 
altogether  to  the  secreted  liquid :  on  the  contrary,  he  says, 
*that  this  process,  which  is  comparable  to  digestion,  is  not 
wholly  due  to  the  fluid  secreted  by  the  glands,  appears  to 
me  most  probable ;  for  I  find  that  very  little  action  takes 
place  in  any  of  the  substances  placed  in  the  fluid  drawn  from 
pitchers  and  put  into  glass  tubes/  At  the  same  time  he 
does  not  state  what  other  agency  he  assumes  to  have  been 
operative  in  the  process  of  digestion  or  disintegration,  though 
it  would  appear  from  the  context  that  probably  he  had  the 
action  of  Bacteria  in  view.  It  is  important  to  note  that  he 
distinctly  recognizes  an  antiseptic  action  of  the  liquid,  and 
that  he  draws  attention  to  changes  taking  place  in  the  glands 

*  Addreu,  Brit.  Association,  1874 ;  see  also  Nature,  X. 
( Asmala  of  Botany,  VoL  XL  No.  XLIV.  Dteamber,  1897.] 
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during  the  prcicess ;  '  not  only  is  there  aggregation  of  the 
protoplasm  in  the  gland-cells,  but  the  walls  of  the  cells 
themselves  become  discoloured,  and  the  glandular  surface 
of  the  pitcher  that  at  first  was  of  a  uniform  green,  becomes 
covered  with  innumerable  brown  specks  which  are  the  dis- 
coloured glands.' 

The  publication  of  Sir  Joseph  Hooker's  observations  was 
quickly  followed  by  more  detailed  investigations  into  the 
nature  both  of  the  liquid  in  the  pitchers  of  Nepenthes  and 
of  the  presumed  process  of  digestion.  In  1875  Lawsoa  Tait ' 
announced  the  preparation  of '  a  substance  cioseiy  resembling 
pepsine' — ^which  he  describes  as 'a  greyish  flocculent  matter' — 
from  the  liquid,  thus  doing  for  Nepenthes  what  he  had  already 
done  for  Drosera.  In  1S76  von  Gorup-Besancz-  gave  an 
account  of  the  chemical  action  of  the  liquid  taken  from 
pitchers,  some  of  which  had  and  some  of  which  had  not 
been  previously  stimulated  by  the  presence  of  insects  in 
them.  He  found  (1)  that  the  liquid  from  stimulated  pitchers 
was  distinctly  acid,  whilst  that  from  unstimulated  pitchers  was 
neutral  or  only  faintly  acid,  an  observation  which  agrees 
with  those  of  Lawson  Tait :  (2)  that  the  neutral  liquid  from 
unstimulated  pitchers  had  no  digestive  action  upon  swollen 
fibrin,  even  when  the  experiment  was  protracted  (to  twenty- 
four  hours)  and  the  temperature  was  as  high  as  20-30°  C, 
whereas  the  acid  liquid  from  stimulated  pitchers  digested 
shreds  of  fibrin  within  two  hours  at  a  temperature  of  20°  C, 
and  within  one  hour  at  a  temperature  of  40°  C. :  and  (3)  that 
the  addition  of  a  few  drops  of  dilute  hydrochloric  acid  to 
either  the  acid  or  the  neutral  liquid  accelerated  the  solution 
of  the  fibrin  in  a  high  d^rec,  so  that  in  one  case  it  entirely 
disappeared  in  a  quarter  of  an  hour.  With  regard  to  the 
products  of  the  action  upon  fibrin,  he  found  that  the  resultant 
liquid  gave  no  precipitate  on  the  addition  of  mineral  acids, 
nor  with  ferrocyanide  of  potassium  after  the  addition  of 
acetic  acid  ;  but  gave  one  with  mercuric  chloride,  tannic  acid, 

u  Erlingen,  1S76. 
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and  phosphotungstic  acid :  moreoverj  with  saturated  solution 
of  sodium  hydrate  and  dilute  solution  of  copper  sulphate 
it  gave  a  striking  rose  coloration  (biuret-reaction).  These 
reactions  indicate  the  presence  of  peptone  in  the  liquid,  and 
demonstrate  that  the  fibrin  has  undergone  peptic  digestion. 

In  the  following  year^  I  showed  that  it  is  possible  to 
obtain  a  glycerin -extract  of  the  pitchers  which  has  a  distinct 
digestive  action  on  fibrin,  though  it  acts  less  rapidly  than 
does  the  pitcher-liquid,  thus  establishing  an  analogy  between 
the  pitchers  and  the  gastric  mucous  membrane  of  animals. 
I  carried  this  analogy  a  step  further  by  experiments  tending 
to  show  that  the  enzyme  of  the  pitchers,  like  the  pepsin  of 
the  stomach,  is  derived  from  a  zymogen  formed  in  the  gland- 
cells  and  subsequently  decomposed  by  the  action  of  acids. 

It  might  be  fairly  inferred  that  the  foregoing  observations 
together  form  a  body  of  evidence  sufficient  to  warrant  the 
conclusion  that  the  pitchers  of  Nepenthes  secrete  a  proteolytic 
enzyme;  and  such  was,  in  fact,  the  conclusion  which  was 
drawn.  But  of  late  years  the  correctness  of  this  conclusion 
has  been  questioned.  Thus  Dubois-,  experimenting  with 
the  liquid  from  the  pitchers  of  various  species  of  Nepenthes^ 
arrived  at  the  following  results,  which  I  give  in  his  own 
words : — *  Le  liquide  des  urnes  ferm^es,  sur  le  point  de 
s'ouvrir,  puis6  au  moyen  d'une  pipette  k  boule  st^rilisee  et 
avec  toutes  les  precautions  convenables  pour  ^viter  Tintro- 
duction  de  germes  venus  du  dehors,  est  reste  limpide  pendant 
plusieurs  mois.  Ce  liquide,  aussit6t  apr^s  sa  sortie  de  Turne 
ferm^e,  mis  en  contact  avcc  des  cubes  d'albumine  coaguMe, 
n  a  pas  attaqu^  Ics  cubes,  ni  k  la  temperature  du  milieu 
ambiant,  ni  a  celle  de  T^tuve  chauflRfe  i  35-40°  C. ;  le  liquide 
rest6  limpide,  filtr^  au  bout  de  plusieurs  heures,  ne  contenait 
pas  de  peptone.' 

'  La  m6me  experience  r^p^t^e  en  puisant  le  liquide  dans 
les  urnes  ferm^es,  directement  au  moyen  des  tubes  k  culture 

'  Journ.  Linn.  Soc.,  XV,  1877,  p.  427. 

*  Sar  le  pi^tendu  poaYoir  digestif  da  liqaide  de  Tume  des  Nepenthes ;  Comptes 
Kendus,  t  cxi,  1890,  p.  315. 
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dc  M.  Pasteur  renfennant  des  cubes  d'albumine,  a  donn^  des 
resultats  idcntiques:  les  angles  des  cubes  sont  rest^s  absolu- 
ment  intacts.  Le  liquide,  examine  au  bout  de  piusicurs  jours, 
ne  renfermait  pas  de  microorganismes  et  aucunc  trace  de 
putrefaction.* 

'  Le  liquide  puise  dans  les  umes  ouvertes  depuis  tris  peu 
de  temps,  etant  encore  clair,  a  attaqu^  au  contraire  assez 
rapidement  a  la  temperature  ordinaire,  et  tris  rapidcment 
i  la  temperature  de  I'^tuve,  les  cubes  de  blanc  d'ccuf,  qui  se 
sont  gonfl^s,  sont  devenus  transparents,  gelatineux,  et  ont 
perdu  leurs  angles;  le  liquide  est  devcnu  louche  et,  dans 
quelques  tubes,  il  s'est  d^veloppe  une  odeur  de  putrefaction 
manifeste.  Le  liquide  louche  renfermait  de  nombrcux  micro- 
organismes de  nature  diverse  et,  apr^s  filtration,  il  nous 
a  donne  quelques-unes  des  reactions  des  peptones,' 

These  arc  the  observations  upon  which  Dubois  relies.  He 
explains  his  omission  to  use  fibrin  as  follows : — '  N"ous  nous 
sommcs  abstenus  dc  nous  servir  de  fibrinc  fraiche,  parce- 
qu'clle  sc  dissout  dans  certaines  liqueurs  acides  sans  qu'il  y  ait 
1^  une  veritable  digestion,  et  qu'elle  aurait  ^te  cuite  pendant  la 
sterilisation:  nous  avons  aussl  ^vite  i'emploi  de  cartilage  qui 
aurait,  dans  I'autoclave,  ite  en  partie  transform6  en  gelatine.' 

The  following  are  the  conclu.sions  which  he  draws: — 'La 
mani^re  dont  se  comporte  I'albumine  cuite  en  presence  du 
liquide  des  umes  de  Nepenthes,  souilie  ou  non  de  micro- 
organismes, nous  permet  de  conclure: 

'(1)  Que  ce  liquide  ne  renferme  aucun  sue  digestif  com- 
parable k  la  pepsine,  et  que  les  Nepenthes  ne  sont  pas  des 
plantcs  carnivores : 

'{%)  Que  les  phenomenes  de  desagregatlon  ou  de  fausse 
digestion  observes  par  M.  Hooker  etaient  dus,  sans  aucun 
doute,  4  I'activite  des  microorganismes  veaus  du  dehors  et 
non  k  une  secretion  de  la  plante.' 

Another  writer  in   the  same  strain  is  Tischutkin'.     Un- 

'  Ueb:  die  Rolle  der  Mikroorginismcn  bei  der  Emilining  Aa  ins«Ureiseiiden 
Pflinien,  Arb.  d.  St.  Pelersborger  Naturf.-Gesellach»ft,  1891 ;  Bot.  CeDtralbUtt. 
JO,  1B9J,  p.  304. 
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fortunately  I  am  unable  to  refer  to  hist  ori^^inal  ]»aper  as  it 
is  written  in  Russian,  and  have  therefore  to  fall  back  upon 
the  abnract  (;iven  in  the  liotanisches  Centralblatt.  lie  denies 
the  jiccretion  of  a  fxrptic  ferment  by  any  'insectivorous*  plant, 
sup|>()rtin^  his  contention  by  ex]H:riments  with  various  plants 
of  this  clans,  including;  Sfptnthrs,  on  \%hich  he  made  the 
following  obsen'atiuns  w'hich  I  <|Uote  from  the  abstract : — 
'  0|K:nin^s  were  made  in  the  lateral  walls  of  uno|iencd  pitchers, 
which  therefore  could  contain  no  Hacteria.  and  liquid  was 
drawn  off  by  means  of  a  pi|H:tte  and  pl.iCed  in  test -tubes 
which  contained  water  (neutral  in  s<»me.  acid  in  others)  and 
cu*k:s  of  white  of  ep;^;.  the  o{xrratic»n  bcinjj  |>erformed  through- 
(Hit  under  antiseptic  conditions.  The  result  wxs  ne)^tivc ; 
after  forty-ci|^ht  hours  at  a  tcm|K*rature  of  .{7\*/  C.  the  cubes 
were  unaltered :  hence  the  pitcher-liquid  contains  no  |>eptic 
en/yme.  In  order  to  antici|)ate  the  objection  that  the  pitchers 
Used  may  have  been  t<x»  youn^;.  the  experiment  was  repeated 
in  a  m<Kltfietl  f«»rm  Sterilizetl  cubes  of  white  of  ejfg  were  intro* 
duied  into  clo<K*d  pitchers  through  o|>enin^s  made  in  their 
Walls,  the  o]>enin^s  ticin^;  immetiiately  closed  up.  and  the 
plan:?!  leit  to  themKrUev  When  the  pitclirrs  o|>ened  them- 
selves four  days  later,  the  toben  i>f  v^hitc  of  e)*g  M-cre  found 
to  be  unaltered  .  the  liquid  had  a  strong;  acid  reaction,  but 
it  Contained  no  |)rpti*nr,  and  but  very  few  Hacttiia  were 
present.  The  liquid  Imm  these  pitchers  \ias  then  placed  in 
tent  tubis  with  fresh  cuU*s  of  \%hite  of  e^g  ;  the  cubes  under* 
went  solution  \n  tour  or  five  da)s,  that  is.  after  a  time  which 
|K*rinitled  the  liaiteria  to  multiply  to  a  vcr>'  considerable 
extent  * 

1  lie  ioncIuM'ins  of  I>uk>«>is  and  of  Tischutkin  have  been 
adversely  crituued  by  (loctx:!*,  who  adduces  evidence 
fav  urin^  the  view  «if  the  prrscmc  of  a  proteolytic  cnxyme  xn 
the  sn.  let  I  on  nf  Xrf^nihrs.  V  or  instance,  he  made  the  loIUm  \\\f^ 
observations  on  thnx  pitchers  of  S  faraJiu*ua  of  different 
agc^.      The   oldest    pitcher   contained   a   snuU    cjuantity   dl 
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neutral  liquid :  a  wasp  which  made  its  way  into  it  soon  died, 
and  the  liquid  acquired  an  alkaline  reaction,  many  Bacteria 
and  Infusoria  being  present  in  it.  The  second  pitcher  con- 
tained acid  liquid,  in  which  there  was  a  fly :  the  liquid 
dissolved  fibrin  in  an  hour,  and  after  three  hours  it  contained 
no  dissolved  albumen,  but  only  peptone;  another  shred  of  fibrin 
was  dissolved  by  the  liquid  in  forty  minutes  at  a  temperature 
of  16-18'  C,  when  some  c-a"/^  solution  of  hydrochloric  acid 
had  been  added  to  it ;  a  gelatin-culture  from  this  liquid 
gave  no  indication  of  the  presence  of  Bacteria.  The  youngest 
pitcher  was  still  closed  :  it  contained  4-6  c.cm.  of  a  neutral 
viscid  liquid :  a  fjclatin-culturc  from  the  liquid  gave  no 
indication  of  the  presence  of  any  Fungi ;  on  the  addition  of 
formic  acid  to  the  extent  of  -ooi,  a  shred  of  swollen  fibrin 
was  dissolved  by  it  in  twelve  hours.  Goebel  did  not  succeed 
in  preparing  an  active  glycerin -ex  tract  of  the  pitchers.  He 
concludes  that  these  facts  suffice  to  invalidate  the  assumption 
that  the  digestive  process  which  goes  on  in  the  pitchers  is  to 
be  attributed  to  the  action  of  Bacteria,  which  only  comes  into 
play  in  the  case  of  old  and  exhausted  pitchers,  the  liquid 
in  which  has  no  longer  an  acid  reaction. 

In  view  of  Goebel's  observations,  it  may  perhaps  seem 
superfluous  to  reopen  the  subject :  but  inasmuch  as  the 
statements  of  Dubois  and  of  Tischutkin  are  in  direct  con- 
tradiction to  my  own  published  results,  1  have  felt  it  necessary 
to  repeat  my  experiments,  and  to  extend  and  modify  them 
in  various  directions.  i  hope  that  the  new  facts  which 
I  am  now  able  to  bring  forward  may  be  accepted  as  my 
justification. 

Goebel  has  already  commented  upon  the  insufficiency 
of  Dubois'  data  as  a  basis  for  the  sweeping  conclusions  which 
he  draws:  but  there  is  one  point  to  which  I  would  draw 
special  attention.  One  of  the  most  important  pieces  of 
evidence  upon  which  Dubois  relies  is  the  fact  that  liquid 
drawn  directly  from  unopened  pitchers  exerted  no  digestive 
action  upon  cubes  of  white  of  egg.  It  is  to  be  remarked 
that  he  himself  describes  the  liquid  in  unopened  pitchers  as 
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*  l^girement  acide/  Now,  no  one  has  ever  asserted  that 
liquid  from  unopened  pitchers  will  digest  cubes  of  white  of 
egg ;  it  would  be  as  reasonable  to  expect  an  extract  of  gastric 
mucous  membrane  to  digest  in  the  absence  of  an  adequate 
supply  of  acid.  Had  he  added  a  few  drops  of  '27^  HCl 
to  the  liquid,  I  feel  certain  that  his  results  would  have  been 
altogether  different ;  this  is,  in  fact,  an  experiment  which 
ought  to  have  been  made  before  he  allowed  himself  to  form 
any  definite  opinion. 

Tischutkin's  observations  certainly  appear  to  be  more 
formidable  than  those  of  Dubois.  It  is  impossible  for  me 
to  attempt  any  adequate  criticism  of  them,  as  the  original 
paper  is  inaccessible  to  me,  and  the  abstract  in  the  Bot. 
Centralblatt  does  not  give  the  details  of  the  experiment  with 
sufficient  minuteness.  It  would  appear,  however,  that  Goebel's 
observations  counterbalance  them ;  and  to  his  I  would  add 
the  weight  of  the  following  of  my  own. 


Activity  of  Pitcher-liquid. 

In  these  experiments  the  material  used  for  digestion  was 
chiefly  well-washed  blood-fibrin  preserved  in  a  mixture  of 
one  part  pure  glycerin  and  two  parts  distilled  water:  coagu- 
lated egg-albumen  was  used  but  rarely,  inasmuch  as  it  is 
much  more  resistent  to  digestion  than  is  fibrin,  and  the  action 
is  relatively  slow.  The  fibrin  preserved  in  glycerin  may  be 
regarded  as  free  from  Bacteria,  in  view  of  the  results  obtained 
by  Copeman^  with  r^ard  to  the  antiseptic  action  of  glycerin. 

As  regards  Dubois*  objection  to  the  use  of  fibrin  in  these 
digestive  experiments,  it  is,  I  think,  sufficiently  met  by  the 
fact  that  I  have  frequently  made  control-experiments  with 
tubes  containing  only  dilute  HCl  and  fibrin,  but  no  pitcher- 
liquid,  and  have  invariably  found  that  by  the  time  that  the 
fibrin  in  the  tubes  containing  the  pitcher-liquid  had  com- 

*  Copeman  and  Blaxall,  Experiments  on  the  Action  of  Glycerine  upon  the 
Growth  of  Bacteria;  Brit.  Assoc.  Report,  1896. 
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plctely  disappeared,  that  in  the  control -tubes,  though  gela- 
tinous, showed  no  signs  of  breaking  up  or  of  solution. 

The  pitcher-liquid  used  was  obtained  from  N.  Master siatia, 
and  I  will  begin  the  account  of  my  observations  by  saying  that 
in  all  the  very  numerous  experiments  which  I  have  made, 
1  have  never  once  failed  to  obtain  digestion  of  (ibria  by  the 
pitcher-liquid,  provided  that  an  adequate  amount  of  acid, 
which  I  supplied  in  the  form  of  a  -25%  solution  of  HCl,  was 
present.     I  give  the  details  of  one  experiment  in  illustration. 

Nov.  13,  1896.  Two  lesi-tubes  were  prepared,  each  containing 
5  c.cm.  of  neutral  fiitcher-liquid,  and  a  shred  of  fibrin :  to  the  one  {A  ) 
5  cxm.  of  -25%  HCl  were  added,  to  the  olher  {B)  5  c.cm.  of  distilled 
water :  the  tubes  were  placed  in  the  incubaior  (about  35-  C.)  at 
I1.30  ajU.  At  2.30  p.m.  the  fibrin  in  lube  A  was  completely  dis- 
solved, the  liquid  giving  a  good  biuret- re  action.  The  fibrin  in  tube 
B  was  still  undissolved  at  9  a.m.  on  the  following  morning:  5  ecu), 
of  -^sVo  HCl  were  ihtn  added  to  it,  with  the  result  that  the  fibrin  bad 
entirely  disappeared  by  1 1.30  a.m. 

In  a  similar  experiment  to  Ihc  foregoing,  made  on  May  7,  1897, 
with  distinctly  acid  liquid  taken  direct  from  unopened  pitchers,  the 
fibrin  in  the  lube  (A)  to  which  the  HCl  had  been  added,  dissolved 
within  half  an  hour;  whilst  thai  in  the  otlier  tube  {B)  showed  no 
change  after  several  hours. 

It  is  unnecessary  to  insist  further  upon  the  fact  that  the 
pitcher-liquid  exerts  an  unmistakable  solvent  action  on  fibrin  : 
the  crucial  point  is  whether  or  not  it  exerts  this  action  under 
conditions  such  as  to  render  highly  improbable  the  assumption 
that  the  action  in  question  is  due  to  Bacteria  rather  than 
to  a  proteolytic  enzyme.  I  have  endeavoured  to  determine 
this  point  by  making  digestion-experiments  in  the  presence 
of  recognized  antiseptics,  with  the  following  results  : — 

Dec.  2,  1896.  Prepared  three  lest-lubes  as  follows:  each  tube 
contained  some  pitcher- liquid  acidified  with  -z^/^  HCl,  and  a  shred 
of  fibrin:  10  (i)  was  added  some  potassium  cyanide;  10  (a)  some 
thymol ;  to  (3)  a  few  drops  of  chloroform :  at  i  p.m.  the  tubes  were 
placed  in  llie  incubator  at  35"  C.  The  fibrin  in  tube  (i)  was  com- 
pletely dissolved  by  5  p.m.;  that  in  the  other  two  tubes  was  broken 
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up  by  that  time,  and  was  found  to  have  entirely  dissolved  by  the 
following  morning  at  9  a.m. 

Another  experiment  of  the  same  kind  was  the  following.  Six  tubes 
were  prepared,  each  containing  10  com.  of  o- 25^/0  HCl  and  5  c.cm. 
of  pitcher-liquid  :  to  each  of  three  of  the  tubes  (A^  B,  C)  a  fragment 
of  coagulated  egg-albumen  was  added,  and  to  each  of  the  other  three 
(Z),  E,  F)  ?L  shred  of  fibrin  :  to  tubes  A  and  E  some  KCy  (about 
005  grm.)  was  added;  to  tubes  C  and  F  some  thymol;  to  tubes 
A  and  Z),  nothing.  The  tubes  were  all  placed  in  the  incubator,  temp. 
35**  C,  at  4.30  p.m.  on  Jan.  25,  1897,  and  left  all  night.  On  the 
following  day  it  was  observed  at  9  a.m.  that  the  albumen  in  tubes 
A  and  C  had  undergone  partial  solution,  whilst  that  in  B  had  been 
acted  upon  in  a  less  degree ;  at  3  p.m.  the  albumen  in  A  was  nearly 
all  dissolved,  that  in  tube  C  less  so,  that  in  tube  B  still  less :  all  these 
liquids  gave  the  biurct-reaction,  though  it  was  faint  in  B,  The  fibrin- 
tubes  showed,  at  9  a.m.,  complete  solution  in  tube  D  and  in  tube  F, 
and  nearly  complete  solution  in  tube  E, 

More  recently  I  have  experimented  with  corrosive  sublimate 
(HgCl,)  with  satisfactory  results. 

Oct.  I,  1897.  Two  test-lubes  {A  and  B)  were  prepared  as  follows : 
each  contained,  to  begin  with,  10  ccm.  of  pitcher-liquid,  5  c.cm.  of 
o-25Vo  HCl  solution,  and  a  shred  of  fibrin :  to  A  was  added  5  c.cm. 
of  a  iVo  solution  of  HgCl,,  and  to  -5  5  cxm.  of  distilled  water.  The 
tubes  were  placed  in  the  incubator  at  11  a.m.:  at  12.30  p.m.  the 
fibrin  in  B  was  completely  dissolved;  that  in  A  was  completely 
dissolved  at  3  p.m. 

Another  similar  experiment  was  made  with  two  tubes,  to  each  of 
which  a  definite  equal  weight  of  fibrin  (^^^  gr^-)  ^'^s  added :  the  one 
tube  y  contained  the  HgCl^  the  other  tube  Z  contained  none.  The 
two  tubes  were  placed  in  the  incubator  at  i  p.m. :  at  2  p.m.  the  fibrin 
in  tube  Z  was  completely  dissolved,  whereas  that  in  tube  IT  was  not 
completely  dissolved  until  3.30  p.m. 

After  having  performed  the  foregoing  experiments  with 
antiseptics,  I  happened  to  come  across  Fiechter's  '  investiga- 
tions into  the  action  of  hydrocyanic  acid  (HCN)  on  organized 
ferments  and   enzymes,  from  which   it   appears  that  whilst 

'  Kicchtcr,  Ueb.  dco  Eiuflu^b  der  BUuuiurc  auf  FermcDtvorgiinge,  Basel,  Iii75. 
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the  acid  in  minute  quantity  arrests  the  action  of,  and  e\'en 
kills.  Yeasts  and  Bacteria,  it  has  little  or  no  effect  upon 
the  action  of  enzymes  unless  present  in  large  proportion.  I 
accordingly  arranged  the  following  experiment : — 

Ocl.  27, 1897.  5  c.cm.  of  pi icher- liquid  were  placed  in  each  of  two 
tubes  A  and  B.  To  A  were  added  5  c.cm.  of  aVa  HCN  solution, 
and  one  drop  of  strong  HCI :  to  B  were  added  g  c.cm.  of  a  o-s"/., 
solution  of  HCI,  and  10  each  0-05  grm.  of  fibrin.  The  iol>es  were 
placed  in  the  incubator  (37°  C.)  at  1 1  a.m. :  at  1 2.30  p.m.  the  Gbrin 
had  completely  disappeared  in  both  tubes. 

This  experiment  appears  to  me  to  absolutely  exclude 
the  hypothesis  of  bacterial  action,  and  to  establish  beyond 
doubt  the  fact  that  the  pitcher-liquid  of  Nepenthes  contains 
a  proteolytic  enzyme. 

However,  I  felt  it  advisable  to  secure  my  position  by 
experiments  on  the  other  side;  by  experiments  of  such 
a  kind  that  whilst  the  conditions  were  favourable  to  bacterial 
action,  they  should  be  fatal  to  the  action  of  an  enzyme,  and 
that,  under  these  conditions,  no  solution  of  fibrin  should  take 
place.  It  is  known  that  whilst  alkalies  are  destructive  of 
enzymes,  they  are  not  nearly  so  fatal  to  organized  ferments. 
My  experiments  were  then  directed  to  determine  the  eiTect  of 
treatment  with  alkalies  upon  the  digestive  activity  of  the 
pitcher-liquid.  The  general  plan  of  the  experiments  was 
to  treat  some  of  the  liquid  for  a  time,  at  a  temperature 
of  35''-4o'C.,  with  alkalies  in  various  strengths;  and  then, 
after  neutralizing  the  liquid,  to  test  its  digestive  activity  in  the 
usual  way.  Without  going  into  further  detail,  I  may  briefly 
state  that  the  alkalies  which  I  used  were  sodium  carbonate 
(Na.;  Co,.,)  and  sodium  hydrate  {Na  HO),  and  that  I  find  the 
activity  of  the  liquid  to  be  destroyed  by  treatment  with 
1°/^  Na  HO  for  one  hour,  and  by  treatment  with  5/^  Na^  CO3 
for  three  hours.  I  hope  to  determine  these  hmits  more 
definitely  in  the  future,  I  may  incidentally  mention  that 
the  addition  of  these  alkalies  produced,  in  every  case,  a  pre- 
cipitate in  the  pitcher-liquid;  but  I  have  not  yet  been  able 
to  ascertain  the  nature  of  this  precipitate. 
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The  investigation  of  the  action  of  alkalies  upon  the  activity 
of  the  enzyme,  led  me  on  to  study  the  relation  of  its  activity 
to  the  amount  of  free  acid  present  in  the  digesting  liquid. 
For  this  purpose  I  prepared  four  tubes,  Ay  B^  Q  D,  con- 
taining respectively  i^,,  0-57^,  casTo,  and  0.1257,,  of  HCl,  and 
set  them  in  the  incubator  to  digest.  I  found  that  digestion  was 
most  rapid  in  tube  C,  containing  0.25V0  HCl,  0-05  grm.  of 
fibrin  totally  disappearing  in  about  half  an  hour ;  the  fibrin 
disappeared  in  tube  D  in  about  a  quarter  of  an  hour  more ; 
that  in  tube  By  about  twenty  minutes  later;  whereas  in 
tube  Ay  which  contained  the  largest  percentage  of  acid,  the 
fibrin  had  not  disappeared  two  hours  subsequently. 

Another  line  of  experimentation  which  I  have  pursued 
is  that  of  obtaining  from  the  pitcher-liquid  a  substance  which 
would  exert  digestive  power,  I  have  not  attempted  to 
actually  isolate  the  proteolytic  enzyme,  but  only  to  remove  it 
from  the  pitcher-liquid  in  such  a  form  that  a  new  digestive 
liquid  could  be  prepared  with  it.  I  have  repeated  this 
experiment  several  times,  and  with  unvarying  success.  The 
method  adopted  is  illustrated  by  the  following  experiment : — 

Sept.  21,  1897.  To  100  com.  of  pitcher-liquid  an  equal  volume 
of  absolute  alcohol  was  added :  then,  in  order  to  produce  a  bulky 
precipitate  in  the  liquid,  some  phosphoric  acid  was  added  and  some 
lime-water,  the  liquid  being  finally  neutralized  with  carbonate  of 
ammonia :  a  copious  precipitate  fell,  which  was  collected  on  a  filter 
and  left  to  drain  all  night. 

Sept.  22.  A  portion  of  the  precipitate  was  shaken  up  with  10  ccm. 
of  a  o«257o  solution  of  IICl,  and  the  turbid  liquid  filtered:  to  the 
clear  filtrate  a  small  piece  of  fibrin  was  added,  and  the  tube  {A)  was 
placed  in  the  incubator  at  1 1  a.m.  A  second  tube  {B)  was  prepared, 
containing  10  ccm.  of  o-25Vo  HCl  and  a  shred  of  fibrin;  this  was 
placed  in  the  incubator  at  the  same  time  as  tube  A.  At  i  p.m.  the 
fibrin  in  tube  A  was  breaking  up,  and  at  2  p.m.  it  had  entirely  dis- 
appeared, the  liquid  giving  good  biuret-reaction :  the  fibrin  in  the 
control-tube  B  showed  no  sign  of  solution. 

On  repeating  the  ex{)eriment  a  month  later  with  some  of  the 
precipitate  which  had  been  kept  dry  in  a  bottle  in  the  presence 


574      Vi'if^- — 77/1?  ProUotytic  Enzyme  of  Nepetilhes. 

of  chloroform -vapour,  I  obtained  complete  solution  of  0-05  gnn,  of 
fibrin  in  ihree  hours. 


Chemistry  of  the  Pitcher-liquid. 
Our  knowledge  on  this  point  is  very  incomplete.  So  far 
as  I  am  aware,  the  only  chemical  examinations  of  it  which 
have  been  made  are,  first,  that  recorded  in  the  Botanical 
Magazine  for  1838,  and,  secondly,  the  analysis  made  bj' 
Voelcker  in  1849.  The  former  account  states  that  the  liquid 
in  the  unopened  pitcher  of  A'epentkcs  disiillatoria  '  had  a  sub- 
acid taste,  which  increased  after  the  rising  of  the  lid,  when 
the  fluid  slowly  evaporated.  My  friend  Dr.  Turner  perceived 
it  to  emit,  while  boiling,  an  odour  like  baked  apples,  from 
containing  a  trace  of  vegetable  matter,  and  he  found  it  to 
yield  minute  crystals  of  superoxalate  of  potash  on  being 
evaporated  to  dryness,'  Voelcker'  found  that  the  liquid  from 
unopened  pitchers  of  species  of  Nepenthes  (names  omittedj 
gave  a  dry  residue  which  varied  from  0.37  to  o-ya"/^,  of 
which  about  two-thirds  consisted  of  incombustible  ash  ;  he 
estimates  its  percentage  composition  as  follows: — 

Malic  and  citric  acids  .         .         .         "^-^^ 

Potassium  chloride      ....         ,')0'42 

Soda 6-36 

Lime 3'j9 

Magnesia    ......  3-59 

The  liquid  obtained  from  the  pitchers  may  be  generally 
described  as  slightly  opalescent,  colourleiss,  and  somewhat 
viscid,  especially  when  drawn  from  unopened  pitchers.  Its 
reaction  varies  from  neutral  to  acid,  but  the  conditions  of 
this  variation  are  undetermined-  Hooker  states  that  the 
liquid  is  always  acid,  whilst  von  Gorup-Besancz  describes 
the  liquid  from  'unstimulated'  glands  as  neutral  or  very 
slightly  acid,  whilst  that  from  '  stimulated  '  glands  i^N.  Pkyl- 
lamphora  and  N .  gracilis)  was  distinctly  acid.  Again,  Goebel 
found  the  hquid  in  unopened  pitchers  of  N.  paradtsaica  to 

'  Voelcker,  Ana.  and  Mag.  ofN>[.  HiiL,  IV,  1S49,  p.  118. 
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be  neutral,  but  that  in  those  of  N,  Mastersiana  to  be  acid. 
As  the  result  of  my  own  observations  on  A^.  Mastersiana^ 
I  find  that  the  liquid  in  the  unopened  pitcher  is  generally 
distinctly  acid,  though  not  always  so;  and  that  the  liquid 
in  the  opened  pitchers,  in  which  the  remains  of  insects  may 
be  present,  is  as  often  neutral  as  it  is  acid.  The  correlation 
suggested  by  von  Gorup-Besanez  between  the  reaction  of  the 
liquid  and  the  *  stimulated '  or  *  unstimulated '  condition  of 
the  glands,  does  not,  therefore,  appear  to  hold  good. 

I  have  examined  the  liquid  with  a  view  to  determine  its 
proteid  content,  with  the  result  that  I  have  found  it  to  contain 
only  a  minute  quantity.  Liquid  which  digests  actively,  and 
even  when  containing  the  debris  of  insects,  gives,  after  filtra- 
tion, only  a  very  faint  xanthoproteic  reaction,  no  precipitate 
with  nitric  acid,  with  potassium  ferrocyanide  and  acetic  acid, 
or  with  platinic  chloride,  nor  any  turbidity  on  boiling:  it 
gives  a  precipitate  with  Millon's  reagent  which,  on  heating, 
does  not  turn  red  but  yellow. 

In  view  of  the  fact  that  the  liquid  is  quite  inert  in  the 
absence  of  acid,  it  occurred  to  me  that  possibly  it  might 
contain  the  enzyme  in  the  form  of  a  zymogen.  In  order  to 
assure  myself  on  this  point,  I  had  recourse  to  the  method 
described  by  Langley  and  Edkins^,  which  is  based  on  the 
fact  that,  if  a  current  of  COj  be  passed  through  a  liquid 
containing  both  zymogen  and  enzyme,  the  zymogen  is  more 
rapidly  destroyed  than  the  enzyme,  a  method  which  was 
employed  by  Green  in  his  researches  on  germinating  seeds. 
The  experiment  was  as  follows : — 

Oct.  16,  1897.  Two  tubes,  each  containing  75  c.cm.  of  neutral 
liquid  from  opened  pitchers  of  N,  Mastersiana^  were  taken  :  to  the 
one,  tube  A^  were  added  25  c.cm.  of  a  0-5^0  solution  of  HCl,  so 
that  the  liquid  contained  o-i25°/o  of  the  acid,  and  the  tube  was  then 
warmed  for  an  hour  in  the  incubator  at  37°  C,  when  it  was  removed 
from  the  incubator,  and  the  liquid  was  neutralized  with  15  c.cm.  of 
a  1%  solution  of  Na,CO,.     To  the  tube  B  was  now  added  a  mixture 

*  Langley  and  Edkins,  Joarnal  of  Physiology,  VII,  1886;  Green,  Phil.  Trans. 
Roy.  Soc,  178  B,  1887. 


of  zg  c.cm.  of  o-^/^  solution  of  HCI  and  15  c.cm.  of  the  i'^/^ 
solution  of  NajCO,.  The  amount  of  liquid  in  each  case  was  now 
115  c.cm.,  and  the  amount  of  sails  in  each  was  identical.  CO,  was 
then  passed  through  both  liquids  for  an  hour ;  then  15  c.cm.  of  each 
were  placed  in  a  lube,  10  c.cm.  of  0-5%  HCI  being  added  to  each, 
together  with  o.i  gtm.  of  fibrin,  and  the  tubes  were  placed  in  the 
incubator  to  digest  at  i  p.m.  At  3  p.m.  the  fibrin  in  both  tubes  was 
entirely  dissolved,  showing  that  their  activity  was  the  same. 

On  repeating  the  experiment,  prolonging  the  treatment 
with  COj  to  an  hour  and  a  half,  I  obtained  the  same  result ; 
whence  I  conclude  that  the  liquid  contains  no  zymogen. 

The  general  conclusion  at  which  1  arrive  is  that  either  the 
enzyme  is  not  a  proteid,  or,  if  it  is,  it  is  present  in  extremely 
minute  quantity,  though  it  is  difficult  to  accept  this  alter- 
native in  view  of  the  remarkable  digestive  activity  of  the 
liquid. 


Activity  of  Glycerin-extracts. 

I  have  repeatedly  confirmed  my  observation  of  1S77  that 
active  glycerin-extracts  of  the  pitchers  can  be  prepared  :  in 
but  few  cases  have  I  found  these  extracts,  when  fresh,  inopera- 
tive on  fibrin,  though  they  acted  much  less  rapidly,  as  might 
be  expected,  than  the  pitcher-liquid.  In  my  experiments  of 
1877,  and  in  the  earlier  ones  of  this  series,  the  preparation 
of  the  extract  was  preceded  by  treatment  of  the  pitchers  for 
some  hours  with  absolute  alcohol.  But  recently  I  have  found 
that  a  more  active  extract  can  be  prepared  by  treating  the 
pitchers,  finely  cut  up,  at  once  with  pure  glycerin,  omitting 
the  treatment  with  absolute  alcohol.  The  glycerin  is  left  in 
contact  with  the  pitcher-material  for  at  least  a  week  before 
filtering  oflf  and  using  for  an  experiment  The  pitchers  used 
were  in  all  cases  vigorous,  either  opened  or  unopened.  The 
following  experiment  affords  some  idea  of  the  relative 
activity  of  two  glycerin-extracts,  the  one  prepared  with,  the 
other  without,  previous  treatment  of  the  pitcher-material 
with  absolute  alcohol : — 
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Sept  3,  1897.  Three  unopened  pitchers  of  A^.  Master siana  were 
removed  from  the  plant :  the  upper  third  of  each  pitcher  was  cut 
off,  the  contained  liquid  poured  off,  and  the  pitchers,  after  well 
washing  with  water  and  drying,  were  chopped  up  fine.  Of  this 
material  4  grms.  were  placed  in  absolute  alcohol  for  24  hours; 
then  rubbed  up  in  a  mortar  with  40  c.cm.  of  pure  glycerin  and  let 
stand  (extract  A) :  other  4  grms.  were  at  once  rubbed  up  in  a  mortar 
with  40  c.cm.  of  pure  glycerin  (extract  B), 

On  Sept.  13  both  extracts  were  filtered  through  muslin  to  remove 
the  coarser  particles  of  pitcher-substance. 

On  Sept.  14  the  following  experiment  was  made:  25  c.cm.  of 
extract  A  were  placed  in  a  test-tube  with  5  c.cm.  of  0-25%  of  HCl 
and  a  shred  of  fibrin ;  similarly,  the  same  quantity  of  extract  B  was 
placed  with  the  same  quantity  of  O'l^/^  HCl  and  a  shred  of  fibrin, 
in  another  test-tube :  the  two  tubes  were  placed  in  the  incubator  at 
11.45  a.m.  At  I  p.m.  the  fibrin  in  B  showed  signs  of  breaking 
up,  whereas  this  was  not  observed  in  A  until  2  p.m.:  at  4.30  p.m. 
the  fibrin  in  B  had  entirely  disappeared,  whilst  some  still  remained 
in  ^  at  5  p.m.  but  had  altogether  disappeared  by  the  following 
morning. 

On  Oct.  4,  1897,  a  similar  comparative  experiment  was  made  with 
the  same  extracts,  an  exactly  equal  amount  (^  grm.)  of  fibrin  being 
placed  in  each  tube  at  1 1  a.m. :  the  fibrin  was  entirely  dissolved  in 
tube  ^  at  4  p.m.,  whereas  in  tube  A  it  had  not  disappeared  by  5  p.m., 
and  did  not  disappear  after  being  left  in  the  unheated  incubator  all 
night,  until  it  had  been  heated  for  an  hour  (9-10  a.m.)  on  the  follow- 
ing morning. 

The  glycerin-extracts  do  not  retain  their  activity  for  a 
prolonged  period,  though  I  am  not  able  to  say  exactly  for 
how  long.  For  instance,  in  an  experiment  made  on  October  4, 
1897,  with  extracts  prepared  on  December  2,  1896,  the  fibrin 
showed  no  change  after  forty-eight  hours.  In  experiments 
made  on  October  6,  1897,  with  extracts  prepared  respectively 
on  May  7  and  May  20,  the  fibrin  underwent  but  little  change 
in  twenty-four  hours.  The  extracts  in  question  had  been 
found  to  be  active  when  fresh,  digesting  in  a  few  hours. 
However,  I  have  found  an  extract  two  months  old  to  be 
active. 
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I  have  not  found  that  an  active  glycerin-extract  can  always 
be  prepared  from  pitchers.  It  appears  that  this  can  only 
be  done  with  relatively  young  pitchers ;  and  it  is  probable 
that  the  secretion  of  the  enzyme  ceases  some  time  before  the 
pitcher  shows  signs  of  withering,  I  may  add  that  I  have 
found  glycerin -ex  tract  to  act  upon  fibrin  in  presence  of 
1%  HCN,  though  the  digestion  is  slightly  retarded, 

I  attach  considerable  importance  to  the  activity  of  glycerin- 
extracts  of  the  pitchers,  because  it  proves  the  existence  of 
a  digesting  agent  in  their  tissue,  probably  in  the  glands,  and 
thus  affords  collateral  evidence  that  this  agent  is  not  a  Bac- 
terium but  an  enzyme.  It  is  highly  improbable  that  any 
Bacterium  would  retain  its  vitality  after  two  months  sojourn 
in  pure  glycerin. 

Moreover,  the  fact  that  an  enzyme  can  thus  be  extracted, 
suggests  that  a  zymogen  must  be  present.  In  the  course  of 
the  last  eighteen  months,  I  have  several  times  endeavoured 
to  repeat  my  observation  of  1877,  which  revealed  the  presence 
of  a  zymogen,  but  so  far,  I  must  admit,  without  success.  On 
the  contrary,  I  have  generally  found  that  previous  treatment 
with  acid  rather  diminishes  than  increases  the  activity  of  the 
resulting  extract.  I  propose  to  make  this  point  the  object 
of  further  research  next  season ;  my  main  object  in  the 
observations  recorded  in  this  paper  having  been  the  refutation 
of  the  suggestion  that  the  digestive  activity  of  the  pitcher- 
liquid  is  due  to  Bacteria. 

The  Products  of  Digestion. 
Our  knowledge  of  the  products  of  the  digestion  of  fibrin 
by  the  pitcher-liquid  is  derived  entirely  from  the  observations 
of  von  Gorup-Besanez,  who  describes  them  as  peptones.  He 
found,  namely,  that  the .  filtered  liquid  after  digestion  re- 
mained clear  on  boiling,  and  gave  no  precipitate  with  mineral 
acids,  nor  with  potassium  ferrocyanide  in  the  presence  of 
acetic  acid ;  whilst  it  gave  a  precipitate  with  corrosive  sub- 
limate, tannic  acid,orphospho-tungstic  acid,  as  also  a  brilliant 
biuret-reaction. 
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My  obser\Mti«>ns  lead  mc  to  rcAuIl^i  iliiTcrliij;  widely  fr«»m 
tho>c  of  von  Gorup-Bcsancz.  I  find,  in  the  first  place,  that 
the  digested  liquid  always  ^wcs  a  previpit.ite  with  nitric  acid, 
giving  a  clear  yrllow  li(|iiid  on  warming  which  aj^ain  becomes 
turbid  on  cotilin^.  as  aUo  a  precipitate  uith  p>taH5ium 
ferriKyanide  and  acetic  acid :  the  biuret  reaction  is  well 
marked.  On  neutralization,  there  is  a  precipitate,  denNC 
\ihen  the  digestion  has  btxn  of  short  duration  (two  hours), 
whi«.h  consists  presumal>ly  of  paraiK-ptone.  After  filtration 
from  this  pr*  cipitate,  the  neutral  liquid  ^ives  only  a  slight 
tuibidity  on  the  aildition  of  nitric  acid,  though  it  C(»ntains 
much  proteid  :  hence  the  substance  precipitated  by  nitric 
acid  in  probably  some  {>ara{>cptone  not  preci{)itated  on 
neutralization. 

On  concentrating;  the  neutral  li()uid  on  the  water-bath 
to  one-third  or  one-fourth  of  it>  bulk,  and  then  Altering 
into  alcohol,  a  considerable  precipitate  is  formed.  The 
alcohol  having  been  rem<»ved  by  filtration,  the  precipitate 
on  the  filter  mostly  diss«ilven  in  a  ^mall  (Quantity  of  diNtilled 
water,  the  v»lulion  giving  the  fi»ll<»wini.;  reactionN  :  (i)  no 
precipitate  \iith  nitric  acid,  but  a  stit>ng  xanthoproteic 
reaction;  ii)  a  precipitate  with  |>otaHNium  ferrocyanide  and 
acetic  acid,  {\,  a  striking  bturrt-rcaction  ;  ^4)  a  dense 
precipitate  on  ft.ituration  with  ammonium  sulphate,  the  filtrate 
from  which  gi\es  no  proteid  reactions.  From  this  I  conclude 
that  the  main  pr«.KiUit  of  digestion  i<i  a  proteid  of  the  nature 
of  an  albumose,  alliiil.  by  its  not  l>e.ng  pre^^ipitatol  with 
nititc  acid,  ti»  the  body  known  as  deuter  >-a!bumose.  I  fa:Ied 
to  detect  the  prevrn^e  of  a  true  |>eptone,  tlut  i^.  of  a  pmteid 
whivh  is  not  pictipitatnl  on  naturation  with  amm<«Mium 
sulphate. 

I  have  te^tetl  the  dialy^ing  pro|»crties  «»f  the  proteid  pre- 
cipit.itetl  by  aUohol.  antl  find  that  after  twenty-f>ur  hour^ 
the  \%ater  outride  the  (Julyicr  gtve^  a  «Iight  xanth«>pioteic 
reaction,  but  no  biuret,  though  the  liquid  in  the  dialyser 
gi\r^  lioth  rraition«  very  strongly  .  whence  I  conclude  thai 
there  :n  no  readily  du!y^able  proteid  present. 
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In  most  cases  the  investigation  of  the  products  of  digestion 
was  proceeded  with  immediately  after  digestion ;  but  in  one 
case  I  kept  the  proteids  precipitated  by  alcohol,  in  alcohol, 
for  nearly  a  year,  without  finding  their  solubility  in  water 
or  their  reactions  in  any  way  altered.  The  duration  of  the 
digestion  was  varied  in  different  cases,  from  as  short  a  time  as 
two  hours,  to  as  long  a  time  as  six  days ;  the  only  perceptible 
difference  in  the  nature  of  the  products  being  that  in  the  case 
of  the  brief  digestions  a  much  larger  quantity  of  parapeptone 
was  present.  In  some  of  the  digestions  I  have  used  as  much 
as  ten  grammes  of  fibrin  ;  more  often  five  or  six  grammes: 
the  digestive  liquid  usually  contained  about  o-iV^  HCI,  and 
the  amount  of  liquid  was  about  30  ccni.  to  each  gramme  of 
fibrin,  of  which  nearly  half  consisted  of  pitcher-liquid. 

I  have  endeavoured  to  determine  the  nature  of  the  ultimate 
products  of  digestion,  but  without  complete  success.  I  find 
that  if  the  digested  liquid  be  neutralized  and  be  allowed 
to  stand  for  some  hours,  a  deposit  gradually  collects  on  the 
walls  of  the  beaker.  Under  the  microscope  this  substance  is 
seen  to  consist  of  minute  round  granules,  cohering  in  rows 
and  in  clumps,  or  of  vacuolated  oily  drops.  On  carefully 
evaporating  some  of  this  with  nitric  acid,  and  then  adding 
a  drop  of  caustic  soda,  a  deep  brown  colour  is  produced 
(Scherer's  test  for  leucin).  I  have  obtained  apparently 
the  same  substance  from  the  precipitate  formed  when 
the  digested  liquid  is  dropped  Into  alcohol.  The  dense 
precipitate  is  not  wholly  soluble  in  cold  distilled  water  ;  and 
when  hot  water  is  poured  over  the  insoluble  residue  on  the 
filter  a  turbid  liquid  passes  through.  This  liquid  becomes 
clear  on  heating,  but  reprecipitates  on  cooling;  it  also  be- 
comes clear  on  the  addition  of  acids  and  alkalies,  and  gives 
the  foregoing  colour- reaction  on  tTFcatmcnt  with  nitric  acid 
and  caustic  soda.  It  gives  a  faint  yellow  colour  on  the 
addition  of  ammonia,  after  boiling  with  nitric  acid ;  and 
a  precipitate  with  Millon's  reagent,  which  turns  partly  red 
and  partly  yellow  on  heating :  on  adding  caustic  soda  in 
excess  and  a  small  quantity  of  solution  of  copper  sulphate 
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there  is  no  precipitate  of  copper  hydrate,  nor  is  there  any 
biuret-reaction.  I  am  inclined  to  infer  that  this  substance 
is  one  of  the  ultimate  products  of  digestion,  as  also  to  con- 
clude that  it  may  be  leucin  or  some  allied  body :  but  I  have 
failed  to  find  the  characteristic  scales  of  leucin  in  sufficient 
quantity.  I  propose  to  continue  investigation  in  this  direction. 
I  may  add  that  I  have  tried  the  action  of  the  pitcher-liquid 
upon  the  gluten  of  wheat,  which  it  readily  digests,  and  that 
I  have  found  the  products  of  digestion  to  be  essentially 
the  same  as  those  obtained  by  the  digestion  of  fibrin. 

Conclusion. 

The  fact  that  the  pitcher-liquid  digests  fibrin  in  the  presence 
of  1%  hydrocyanic  acid,  together  with  the  fact  that  it  is 
possible  to  prepare  active  glycerin-extracts  from  the  pitcher- 
tissue,  seems  to  me  to  conclusively  prove  that  the  proteolytic 
digestion  is  due  to  an  enzyme  and  not  to  a  Bacterium. 
I  would  go  so  far  as  to  urge  that  the  onus  probandi  is  now 
transferred  to  those  who  maintain  that  the  process  is  one  of 
bacterial  action.  Before  this  view  can  be  accepted,  it  is 
incumbent  upon  those  who  support  it  to  produce  an  organism 
which  will  digest  fibrin  in  the  presence  of  iTl  of  hydrocyanic 
acid,  and  which  will  retain  its  digestive  activity  when  kept 
for  several  weeks  in  pure  glycerin.  Until  this  is  done  there 
can  be  no  valid  argument  against  the  enzyme-theory. 

With  regard  to  the  nature  of  the  enzyme,  whilst  it  is  clearly 
allied  to  the  peptic  group  inasmuch  as  it  is  only  active  in  an 
acid  medium,  it  is  apparently  tryptic  in  its  action,  like  all  the 
other  better  known  proteolytic  enzymes  of  plants,  with  no  one 
of  which  it  can,  however,  be  identified.  So  far  as  I  am  aware, 
the  following  are  the  only  cases  in  which  the  products  of 
proteolytic  vegetable  enzymes  have  been  determined  with 
any  accuracy.  Von  Gorup-Besanez  states  that  the  peptic 
enzyme  which  he  extracted  from  Vetch-seeds  ^  dissolved  fibrin 
with  the  formation  of  peptone,  and  he  makes  the  same  state- 

*  Von  Gonip-Betanez,  Sitzber.  d.  phy8.-med.  Soc  zu  Erlangen,  1874;  ibid.  1875. 
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mcnt  with  regard  to  the  enzyme  o{  Nepenthes^  -.  but  he  did 
not  specially  investigate  the  products  of  digestion.  With  regard 
to  papain,  which  is,  however,  an  altogether  tryptic  enzyme, 
active  in  neutral  or  alkaline  liquids,  Martin  states  that  it  pro- 
duces peptone,  leucin  and  tyrosin  from  fibrin^  though  it  does  not 
producetrue  peptone  from  vegetable  proteida '.  but  a  '  peptone- 
like body"  which  splits  up  into  leucin  and  tyrosin.  Finally 
Green  *  has  found  that  the  proteolytic  enzyme  in  the  germina 
ting  seeds  of  Ltipimis  Jiirsutiis  produces,  both  from  libria  and 
vegetable  proteids,  a  '  so-called  peptone,'  leucin,  and  tyrosin  ; 
and  though  it  is  only  active  in  an  acid  medium,  he  regards 
the  enzyme  as  'tryptic  rather  than  peptic'  The  assertion 
that  peptone  is  a  product  of  the  activity  of  these  enzymes 
19  based,  by  von  Gorup-Bcsaiiez,  on  the  reactions  already 
enumerated  (p.  57S) ;  and  by  Martin  and  Green  mainly  on  the 
results  of  dialysis,  It  must,  however,  be  pointed  out  that 
neither  the  reactions  nor  the  dialysis  are  absolutely  conclusive 
on  the  point.  The  only  certain  proof  that  a  liquid  contains 
true  peptones  lies  in  the  fact  that  such  a  liquid  continu&i 
to  give  proteid  reactions  after  saturation  with  ammonium 
sulphate,  since  this  neutral  salt  precipitates  all  proteids  except 
true  peptones  ;  but  this  test  was  not  applied  in  any  of  the 
above-mentioned  researches.  As  I  have  already  pointed  out, 
I  have  invariably  found  that  a  solution  of  the  products  of 
digestion  by  pitcher-liquid  gives  no  proteid  reactions  after 
saturation  with  ammonium  sulphate,  all  the  proteids  present 
having  been  precipitated  by  the  salt.  I  conclude,  therefore, 
that  true  peptone  is  not  one  of  the  products  of  digestion. 
The  proteid  product  of  digestion  appears  to  be  deutero- 
albumose.  It  is,  however,  possible  that  true  peptone  may  be 
formed,  and  be  immediately  split  up  into  leucin  or  bodies 
of  that  kind,  Othenvise  it  must  be  assumed  that  the  albu- 
moses  formed  in  digestion  are  directly  split  up  into  these 
bodies,  a  view  which  gains  some  support  from  the  fact  thjit 


'  Von  Gonip-Besanez,  Silibcr.  d.  phys.-meil,  Soc. 
'  Jonnutl  of  Physiology,  V,  1S84.  *  1 

'  Phil,  Trms.  Roy.  Soc.,  vol.  17S,  B,  1887. 
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Martin  failed  to  find  peptone  among  the  products  of  digestion 
of  vegetable  proteids  by  papain,  though  leucin  and  tyrosin 
were  formed.  However,  it  does  not  necessarily  follow  that 
because  the  proteolytic  enzyme  of  Nepenthes  apparently  does 
not  give  rise  to  peptone,  no  other  vegetable  enzyme  does  so. 
For  it  must  be  borne  in  mind  that  the  enzyme  of  Nepenthes 
has  a  function  to  perform  which  is  quite  different  to  that  of 
the  other  enzymes  under  consideration  :  they  are  destined  to 
act  only  on  the  proteids  in  the  tissues  of  the  plant,  whereas 
the  enzyme  of  Nepenthes  has  to  act  upon  the  proteids  of 
animals  outside  the  plant,  and  to  change  them  into  substances 
which  can  be  readily  absorbed.  Still  there  is  one  feature 
which  all  these  enzymes  undoubtedly  possess  in  common, 
namely  this,  that  they  all  produce  relatively  large  quantities 
of  albumoses.  The  whole  subject  of  the  action  of  vegetable 
proteolytic  enzymes  obviously  requires  careful  re-investigation. 

Another  peculiarity  of  the  enzyme  of  Nepenthes  is  its  great 
stability.  It  resists  decomposition,  and  is  indeed  antiseptic, 
differing  in  this  respect  from  papain  (and  trypsin)  which, 
as  Martin  points  out,  is  readily  decomposed ;  and  its  activity 
is  not  destroyed  by  treatment  with  such  a  proportion  of  alkali 
as  Green  has  found  to  destroy  that  of  the  enzyme  of  the 
Lupin-seed.  This  greater  stability  is  no  doubt  to  be  corre- 
lated with  the  fact  that  it  has  to  act  outside  the  plant,  where 
it  may  be  exposed  to  conditions  which  would  render  it  useless 
were  it  less  stable  than  it  is. 

The  secretion  of  the  necessary  acid  by  the  pitchers  is  an 
important  point  to  which  I  have  not  been  able  as  yet  to  give 
any  attention.  I  would  only  lay  stress  upon  the  fact  that,  in 
N,  Mastersiana^  the  liquid  in  the  unopened  pitchers  is,  as 
a  rule,  distinctly  acid,  a  fact  which  controverts  the  prevJilent 
idea  that  the  secretion  of  acid  is  the  result  of  stimulation  by 
the  presence  of  foreign  bodies  in  the  pitchers.  The  whole 
physiology  of  the  glands  requires  investigation  by  those 
histological  methods  which  Miss  Huie  has  so  successfully 
employed  in  the  study  of  the  glands  of  Drosera^. 

*  Huie,  Qnarterly  Journal  of  Microscopical  Science,  1896. 
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The  material  of  .V.  MasUrsiana  which  1  have  used  was 
for  the  most  part  obtained  from  the  Oxford  Botanic  Garden, 
but  I  am  very  much  indebted  to  Messrs.  Veitch,  and  to  the 
authorities  of  the  Royal  Gardens,  Kew,  for  further  supplies 
of  liquid  and  pitchers  of  this  and  other  species. 


NOTES. 

THE  EFFECTS  OF  TBOFICAIi  INSOLATION. — In  my  paper 
with  this  title,  published  in  the  September  number  of  the  Annals, 
I  notice  that,  when  speaking  of  the  movements  of  the  sensitive 
leaflets,  I  omitted  to  refer  to  Oltmann's  researches  on  this  subject. 
OUmann '  was  the  first  to  show  that  in  Robinia  it  is  the  pulvini  which 
are  directly  stimulated  to  movement  by  a  change  in  the  intensity  of 
the  illumination.  The  observations  I  have  made  in  Java  and  Ceylon 
are  of  interest  as  corroborating  and  extending  the  results  obtained 
by  Oltmann,  and  later  by  Macfarlane ',  on  this  particular  point. 

ALFRED  J.  EWART. 
Mason  College,  Birmingham. 

THE  TENSUiE  STBENQTH  OF  CELIi-WAIiIiS. — Some  time 
ago  I  estimated  the  osmotic  pressure  in  the  leaf-cells  of  several  plants 
to  range  between  20-30  atmospheres  (or  200-300  grs.  per  sq.  mm.)'. 
It  seemed  to  me  of  interest  to  ascertain  what  coefl&cient  of  safety 
was  allowed  by  the  plant  to  meet  these  high  pressures.  This  may 
be  done  by  determining  the  tenacity  or  tensile  strength  of  cellulose, 
and  estimating  the  stress  in  the  cell-wall  while  the  cell  is  distended  by 
these  pressures. 

The  first  was  ascertained  directly  by  weighing  a  single  hair  or  fibre, 
detached  from  the  surface  of  the  seed  of  Gossypiumj  until  it  broke. 
From  the  breaking  weight  and  the  area  of  cross-section  of  the  fibre, 
its  tenacity  may  be  obtained. 

I  applied  the  weight  by  slowly  filling  with  water  a  light  paper 

*  Oltmann,  Flora,  1893,  p.  234. 

'  Macfarlane,  Bot.  Centralblatt,  i'^95, 1,  p.  136. 

'  Notes  from  the  Botanical  School,  Trinity  College,  Dublin,  No.  a,  May,  1897. 

lAnnals  of  Botany,  VoL  XI.  No.  XUV.  December,  1897.] 
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bucket  altached  lo  [lie  fibre.     The  aiuchment  was  effected  by  ghuug 
tlie  end  of  llie  fibre  to  a  fine  wire-handle  on  llie  bucket. 

To  quote  an  example  of  one  of  iheie  observations :  the  bucket 
suspended  from  a  fibre,  as  described,  was  slowly  filled  with  water. 
When  the  increasing  weight  parted  the  fibre,  the  bucket  together  with 
the  water  weighed  7'8i7  grs.  Microscopic  measurement  showed  thai 
ifie  grciilcr  diameter  of  the  fibre  was  00192  mm.,  and  the  lesser 
0-0078  mm.  As  tlie  fibres  are  roughly  rtclangular  in  section,  the 
area  of  cross- sect  ion  equalled  0-00015  ^q-  mm.  inclusive  of  the  lumen 
of  the  cell,  which,  however,  is  very  small. 

Kiom  this  it  follows  that  the  breaking  stress  was  not  less  than 
52,000  grs.  per  sq.  mm. 

Another  experimcnl  gave  the  weight  of  bucket  and  water  sufficient 
lo  break  another  fibre  as  8-500  grs.  But  in  this  case  the  cross-section 
of  the  fibre  was  0-0137  ™™-  Xo-oi68  mm.  It  follows  that  the  bre^ik- 
ing  stress  was  greater  than  37,000  grs.  per  sq.  mm. 

It  is  evident  from  the  nature  of  the  method  that  these  figures  only 
fix  a  minor  limit  lo  the  tenacity  of  cellulose.  The  breaking  stress 
of  cellulose  must  be  as  great  or  greater  than  52,000  grs.  per  sq.  mm. 
For  it  is  impossible  to  determine  the  cross-section  exactly  at  the  point 
of  fracture,  and  it  has  been  my  practice  to  estimate  the  section  at  the 
narrowest  place  above  the  fracture;  but  of  course  this  b  not  the 
smallest  cross- section,  supposing  the  fibre  to  be  homogeneous.  It 
seems  indeed  that  the  figures  are  much  below  the  true  breaking  stress, 
and  that  fracture  occurs  at  a  point  in  the  fibre  weakened  by  some 
flaw.  This  may  be  demonstrated  by  taking  one  of  the  parts  of 
B  fibre,  which  originally  parted  under  a  stress,  say,  of  3  grs.,  and 
testing  it  in  the  same  manner  as  before.  It  ivill  then  be  found  lo 
support  a  greater  weight :  probablj'  of  10  grs.  or  even  11  grs.  One 
fibre,  -01 7  X  -018  mm.,  broke  on  the  firsl  trial  at  8-500  grs.,  second  at 
13-552,  third  at  16-267,  and  fourth  at  18-200  grs.  The  final  result 
gives  a  tenacity  of  60,000  grs,  per  sq.  mm. 

Hence  we  may  safely  assume  that  the  tenacity  of  cellulose  is  greater 
ihan  50,000  grs.  per  sq.  mm.,  which  is  about  equivalent  to  thirty  tons 
per  square  inch,  and  also  about  the  same  as  the  tenacity  of  Alummium 
bronze '. 

The  tenacity  given  for  Red  Pine '  is  9,100  grs.  per  sq.  mm- ;  but 
'  NDinerickl  Tables  anil  ConWants,  S.  Luplon.     MncmUUn,  1896,  p,  17. 
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the  actual  area  of  woody  wall  in  a  section  of  Pine,  would  scarcely 
amount  to  more  than  about  0*2  of  the  cross-section;  so  that  the 
absolute  tenacity  of  the  substance  of  the  walls  of  the  tracheides 
probably  approximates  closely  to  that  of  the  fibre  of  Gossypium, 

Now  with  regard  to  the  stress  actually  obtaining  in  the  cell-walls 
of  the  leaf.  It  will  be  convenient,  in  treating  of  the  stresses,  to  regard 
the  cells  as  cylinders.  This  assumption  is  justified  by  the  consideration 
that  it  is  probably  only  the  cell-walls  of  the  cylindrical  cells  of  the  leaf, 
e.g.  those  of  the  palisade-tissue  and  those  forming  sheath  surround- 
ing the  bundles,  which  are  exposed  to  this  stress ;  for  it  seems  probable 
that  the  walls  of  the  irregularly  stellate  cells  of  the  spongy  parenchyma 
are  not  exposed  to  any  great  distending  forces,  otherwise  they  would 
assume  a  spherical  contour ;  unless,  indeed,  we  attribute  great  rigidity 
to  their  cell-walls.  The  apparent  paradox,  that  these  cells  contain 
a  pressure  of  20-30  atmospheres,  while  there  is  no  stress  in  their 
walls,  is  explained  by  the  fact  that  it  is  an  osmotic  pressure,  and  is 
not  exerted  on  the  enclosing  membrane  unless  there  is  fluid  enough 
present  to  distend  that  membrane.  This  consideration  would  also  lead 
to  the  conclusion  that  the  rigidity  of  leaves  is  due  only  to  the  cylindrical 
and  more  spherical  cells,  and  that  those  cells  with  re-entrant  angles 
are  not  normally  in  a  state  of  turgor. 

When  a  cylinder  is  exposed  to  internal  pressure,  the  stress  in  the 
wall  tending  to  rupture  it  may  be  obtained  in  the  following  way :  the 
total  disruptive  force  equab  the  internal  pressure  acting  over  an  area 
equal  to  the  length  multiplied  by  the  diameter  of  the  cylinder.  This 
force  is  exerted  on  an  area  of  cellulose  equal  to  the  thickness  of  the 
cell-wall  multiplied  by  twice  the  length  and  twice  the  diameter  of 
the  cylindrical  cell.    Thus — 

Stress  per  sq.  mm.  of  celluloses — *  *    ' 
^    ^  2(l  +  d)t. 

Where  Pssosmotic  pressure,  l=length,  d=diameter  of  cell,  and 
ts  thickness  of  cell-wall. 

In  Cyiisus  Laburnum  the  cylindrical  palisade-cells  are  about 
•06  mms.  long,  about  -0175  mms.  diameter,  and  their  cell- wall  is 
•001  mms.  thick.  The  stress  per  sq.  mm.  in  their  cell- walls  is 
consequently 

300  X  06  X  •0175 

=^=2,032  grs. 

•156  X  001  '  ^   ® 

R  r 
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In  Hilianthus  mulHflorus  a  cell  from  the  same  tissue  measures  very 

closely  the  same ;  so  that  in  these  two  instances  we  see  that  the  walls 
of  the  cells  of  the  palisade- parenchyma,  so  far  as  they  are  exposed 
to  disruptive  forces,  are  stressed  far  below  the  experimentally  derived 
tenacity  of  cellulose.  In  fact  there  is  a  coefficient  of  safety  amounting 
t0  25- 


of  the  cylindrical   cells  of  the  sheath   are   the 


The  di 
following : 

Cylitus  Laburnum,  lenglh=-ioo  mm.,  diameter=-O30  mm. 

Helianlhiis  midtifiorus,  tengih=io8  nam.,  diameter=-oi8  mm. 

These  are  tlie  maximum  dimensions  observed.  The  thickuess  of 
the  walls  in  each  case  is  alxiui  '001  mm. 

It  results  from  these  figures  that  if  the  pressure  is  300  grs.  per 
sq.  mm.  that  cell-walls  of  Cytisus  Laburnum  will  be  subject  to  a  stress 
of  less  than  3,500  grs.  per  sq.  mm.  This  leaves  a  coefficient  of  safely 
of  at  least  14. 

It  has  been  noticed  as  probable  that  the  walls  of  the  cells  of  the 
spongy  parenchyma  do  not,  under  normal  circumstances,  sustain  any- 
appreciable  stress.  But  even  if  it  is  assumed  that  their  cellulose 
membrane  is  sufficiently  rigid  to  maintain  its  irregular  shape  when 
exposed  to  these  high  interna!  pressures,  it  is  easily  shown  that  the 
stress  in  the  cell-walls  does  not  rise  above  1,600  or  3,000  grs.  per 


So  it  appears  that  the  wall  of  every  cell  of  the  leaf  is  amply  strong 
to  sustain  the  high  osmotic  pressures  which  are  demonstrable  as 
giving  rigidity  to  the  leaf,  and  that,  so  far  as  l!ie  strength  of  the  cell- 
walls  is  concerned,  much  higher  osmotic  pressures  than  those  actually 
observed  might  exist  in  the  cells  of  the  leaf. 

H.  H.  DIXON,  DubUn. 


STHUCTTJEE  OF  CODIUM.— Two  years  ago,  in  the  month 
of  April,  1  gathered  some  materia!  of  Codium  lomcniosum  near  Veniry, 
Co.  Kerry.  In  sections  prepared  from  this  for  teaching  purposes, 
I  was  struck  by  the  peculiar  appearance  of  the  club-shaped  ends 
of  the  ramifications  of"  the  coenocyte.  Sections  10  ^  thick,  stained 
with  Delafield's  Haematosylin,  showed  in  many  of  the  branches  of 
the  coenocyte  a  stout  axial  strand  of  a  violet  substance.  The  strand 
is  thin  and  more  delicate  in  the  narrow  interweaving  parts  of  the 
coenocyte,  and  tliickens  gradually  as  it  passes  out  into  the  enlarged 
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tenninations,  which  form  the  surface  of  the  plant.  Where  it  comes 
into  contact  with  the  protoplasmic  mass  occupying  the  extreme  end 
of  the  branch  of  the  coenocyte,  it  enlarges  into  a  club-  or  funnel- 
shaped  head.  The  strand  occupies  an  axial  position  in  the  coenocyte 
and  probably  does  not  come  into  contact  with  the  cell-wall  at  any 
point.  In  tliis  respect  it  differs  wholly  from  the  transverse  ban  in 
Ca^rpa. 

In  some  of  the  branches  the  axial  strand  seems  to  be  composed 
of  a  homogeneous  refractive  substance  (Fig.  i).  In  others  it  is 
a  tubular  structure  formed  of  a  refractive  material,  lined  and 
more  or  less  filled  up  with  granular  matter.  Where  it  is  tubular, 
the  ending  in  the  protoplasm  is  open  (Fig.  3).  In  the  younger  parts 
of  the  plant  it  is  usually  covered  with  a  delicate  coating  of  protoplasm, 
in  which  nuclei  are  somedmes  seen. 


Fig.  I.  FoitioD  of  >  tongitndiutl  Mdtoii  of  Cedium  temetttetum,  ihowlDg  tb« 
loDgltiidiiial  itrudl  in  two  >djoiniii|;  bnncbei  of  the  coenocyte.     k  i  70. 

Fig.  ).  Tenninil  portion  of  ■  ttnoch  of  the  coenocyte  in  long  lectioD:  llw 
axial  ilnud  ii  lubalar  and  opea  at  the  extremity,     x  1 70. 

In  its  reactions  as  well  as  in  its  general  appearance  the  atiand 
resembles  some  form  of  cellulose.  It  dissolves  in  sulphuric  acid;  it 
partially  dissolves  in  ammoniacal  cuprous  oxide ;  it  turns  yellow  in 
liquor  lodi.  Neither  it  nor  the  walls  of  the  coenocyte  turned  violet 
with  chlorsinc-iodine ;  but  it  does  not  swell  as  much  with  this  reagent 
as  the  walls,  and  becomes  an  orange  yellow.  The  wall  of  the  extreme 
end  of  the  branches  often  resembles  the  strand  in  these  two  particulars, 
Mid  differs  in  them  from  the  remaining  parts  d'  the  wall.  Another 
R  r  a 
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distinction  between  the  strand  and  the  substance  or  the  walls  is  thu 

it  ofien  yields  a  dark  violet  colouration  with  liquor  lodi  followed 
by  sulphuric  acid,  while  the  walls  do  not.  It  stains  readily  with 
haematoxyUn  (especially  the  granular  parts)  and  with  methyl-  or 
aniline-blue. 

It  seemed  possible  that  this  cellulose-Uke  substance  might  be 
a  reserve -mate  rial  to  be  used  up  in  ihe  rapid  production  of  the 
filamentous  branches  which  occurs  in  this  Alga  during  the  summer. 
To  test  this  point  I  obtained  some  specimens  after  the  summer  growth 
had  taken  place.  For  this  material  I  am  indebted  to  Mr.  C.  Green, 
who  gathered  it  for  roe  on  Clare  Island,  last  July.  In  it  not  only  the 
branches  of  the  coenocyte  forming  the  compact  thallus,  but  also  those 
which  are  prolonged  into  the  filamentous  out-growths,  frequently 
exhibit  the  asial  strand. 

It  may  also  be  interesting  to  note,  that  in  this  material,  which  was 
fixed  in  methylated  spirit,  one  stage,  at  least,  of  nuclear  division  could 
be  observed.  In  several  instances  the  chromatin  of  the  minute  nuclei 
could  be  seen  divided  into  two  dome-shaped  masses,  the  convexities 
being  directed  towards  the  poles  of  division.  The  surfaces  of  the 
chromatin- masses,  which  lay  towards  the  equator,  appeared  fimbriated. 
The  fimbriations  possibly  represent  ihe  ends  of  the  chromosomes  in 
diastcr.  A  strand  of  more  densely  stained  protoplasm  connects  the 
two  masses.  Except  for  this,  I  have  seen  no  indications  of  a  sptndle. 
However,  as  only  a  few  stains  were  tried,  and  no  special  care  was 
taken  in  the  fixing  of  the  material,  it  is  hardly  to  be  expected  that 
these  details,  which  would  be  very  minute  in  Codium,  could  be  seen. 
H.  H.  DIXON,  Dublin. 

ON  SPBWCERITES,  A  NEW  QENITS  OF  LYOOPODI- 
ACEOITS  COIfEB  PEOM  THE  COAL-MBABURBS '.     By  D.  H. 

Scott,  W.A.,  Ph.D.,  F.R.S.— The  fossils  which  form  the  subject  of  the 
present  paper  are  Cryptogamic  strobili,  showing  evident  Lycopodi- 
aceous  affinities,  but  differing  in  important  points  from  other  fructifica- 
tions of  that  !"ami!y,  so  that  it  appears  necessary  to  establish  a  new 
genus  for  their  reception. 

Two  species  are  described,  one  of  which  {Stxnceriles  tnsignis)  is 
already  known  to  us  from  the  investigations  of  Williamson,  who  named 

'  AbstragI  of  a  paper  read  befoie  the  Royal  Society,  Nor.  18,  1897- 
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it  first  Lepidostrohus  insignis^  and  afterwards  Lepidodendran  Spencert^f 
while  the  other  {SpencerHes  majusculus)  is  new. 

In  one  of  his  latest  publications,  Williamson  pointed  out  that  it 
might  ultimately  be  necessary  to  make  his  Lepidodendron  Spencert  the 
type  of  a  new  genus  *•  The  separation  thus  suggested  is  now  carried 
out,  on  the  basis  of  a  renewed  investigation  of  the  structure  of  this 
fo6sil. 

Spenctrites  insignis  is  a  pedunculate  strobilus ;  the  vegetative  organs 
are  not  as  yet  identified.  The  specimens  are  calcified,  and  their 
structure  admirably  preserved. 

The  anatomy  of  the  axis  is  of  a  simple  Lycopodiaceous  tjrpe,  but 
differs  in  details  (such  as  the  course  of  the  leaf-trace  bundles)  from 
that  of  the  axis  of  Lepidostrobm.  The  peduncle  bears  sterile  bracts, 
similar  to  the  sporophylls  of  the  cone  itself;  the  latter  are  arranged 
spirally,  or  in  some  cases  in  alternating  verticils. 

The  individual  sporophylls  are  of  peltate  form,  consisting  of  a  short 
cylindrical  pedicel,  expanding  into  a  relatively  large  lamina.  The 
sporangia  are  approximately  spherical  bodies;  unlike  those  di Lepidfh 
strobus^  they  are  quite  free  from  the  pedicel,  and  are  attached  by 
a  narrow  base  to  the  upper  surface  of  the  lamina,  where  it  begins 
to  expand. 

The  details  of  the  sporangial  wall  are  quite  different  from  those  of 
Lepidostrohus^  and  the  spores  are  also  characteristic.  In  size  they 
are  intermediate  between  the  microspores  and  macrospores  of 
Lepidostrohus,  They  are  of  tetrahedral  form,  becoming  spheroidal 
when  mature,  and  each  spore  has  a  hollow,  annular  wing  running 
round  its  equator.  The  wing  is  no  doubt  formed  by  a  dOation  of 
the  cuticle',  and  not,  as  Williamson  supposed,  from  the  abortive 
sister-cells. 

Spencerites  majusculus^  the  new  spedes,  is  much  larger  than  the 
former,  the  axis  of  the  cone  being  twice  as  thick.  The  anatomy  is 
similar,  but  the  sporophylls,  and  consequendy  the  leaf-traces,  are 
more  numerous.  The  sporophylls,  which  are  arranged  in  alter- 
nating verticils,  are  relatively  short,  and  of  peculiar  form ;  the  lamina 
is  very  thick,  and  of  great  tangential  width.    The  sporangia  are  like 

>  Williamson,  Orguicatioa  of  the  Fouil  Plants  of  the  Coal-measures,  Parts 
IX,  X,  XVI.  and  XIX,  PhiL  Trans.,  1878,  1880,  1889,  <»d  i^3* 
*  General  Index,  Part  II,  1893,  p.  24. 
'  Cf.  Solms*Laabach,  Fossil  Botany,  p.  239. 
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those  of  the  former  species,  and  simHaj-ly  inserted,  but  the  spores 
are  quite  different.  They  are  smaller  than  those  of  S.  insfgnis,  and 
have  the  form  of  quadrants  of  a  sphere,  with  narrow  wings  along 
their  three  angles. 

The  genus  is  separated  from  Lepidoslrobus,  mainly  on  account  of 
the  very  different  mode  of  insertion  of  the  sporangia,  a  character 
which  is  accompanied  by  differences  in  the  form  of  the  sporophylls 
and  sporangia,  the  structure  of  the  sporangial  wall  and  of  the  sporee, 
and  the  whole  habit  of  the  strobilus. 

Sptnctrilis,  and  especially  S.  imignt's,  bears  a  considerable  re- 
semblance to  the  Sigillarm/robas  Crepini  of  Zeiller,  but  cannot  be 
united  with  the  genus  Sigillan'ostrobus,  for  the  inseriion  of  the 
sporangia  in  the  latter,  as  shown  in  the  Sigillarioslrobus  ciliatus  of 
Kidslon,  is  totally  difTerenl.  The  author  is  much  indebted  both  to 
M,  Zeiller  and  Mr.  Kidston,  for  the  loan  of  their  specimens  for 
examination. 

The  generic  and  specific  characters  may  provisionally  run  as 
follows : — 


h 


Speiueriks,  gen.  no  v. 

Cone  consisting  of  a  cylindrical  axis,  bearing  numerous  simple 
sporophylls,  arranged  spirally,  or  in  crowded  alternating  verticils. 

Sporophylls  short,  formed  of  a  sub-cylindrical  pedicel,  expanding 
into  a  large  peltate  lamina. 

Sporangia  solitary  on  each  sporophyll,  inserted,  by  a  narrow  base, 
on  the  upper  surface  of  the  lamina,  but  free  from  the  pedicel. 

Sporangial  wall  consisting  of  a  single  layer  of  prosenchymatous 
cells.     Spores  winged. 

I.  Spmceritt!  insignis  [y^K^^. 

Ltpidoslrobus  I'nsigms,  Will.  Organization  of  the  Fossil  Plants  of 
the  Coal-measures,  Fart  X,  Phil.  Trans.  1880,  p.  503. 

Lepidodendrm  Spmcert,  Will.  Loc.  cit.  Part  XVJ,  Phil.  Trans., 
1889,  p.  199. 

Cone  pedunculate;  peduncle  braccigerous,  Whole  cone  8-10  mm. 
in  diameter.  Axis  3-5-5  mm.  in  diameter,  Sporophylls  2-2-5  ™™- 
long ;  lamina  distinctly  peltate,  vertically  elongated. 

Sporangia  approximately  spherical.  Spores  tetrahedral,  becoming 
spheroidal  when  free,  with  a  hollow  equatorial  wing.     Maximum 
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diameter  of  spore,  without  wing,  about  0*14  mm.;  with  wing,  about 
0*28  mm.  Wood  of  axis  without  prominent  angles,  with  or  without 
pidi. 

Outer  cortex  containing  distinct  bands  of  sclerenchyma. 

Locality^  near  Halifax  and  Huddersfield. 

Hwiton^  Lower  Coal-measures. 

2.  Spencer  ties  majusculus,  sp.  nov. 

Whole  cone  about  15  mm.  in  diameter,  axis  about  9  mm.  in 
diameter.  Sporophylls  about  3  mm.  long  ;  lamina  obscurely  peltate, 
as  seen  in  radial  section,  but  gready  elongated  tangentially,  attaining 
a  breadth  of  3  mm. 

Sporangia  approximately  spherical.  Spores  having  the  form  of 
quadrants  of  a  sphere,  with  three  narrow  wings.  Maximum 
diameter  of  spore,  without  wings,  about  o*ii  mm.;  with  wings, 
about  0*15  mm. 

Wood  of  axis  with  about  30,  somewhat  prominent,  angles;  with- 
out pith. 

Outer  cortex  uniformly  sclerotic. 

Locality t  near  Halifax. 

Horizon^  Lower  Coal-measures. 
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